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EUROPEAN PRACTICE IN ELECTRIC HOISTING ENGINES 
By EUGEN EICHEL 


In considering European electrical hoist- 
ing engines, it might be appropriate to 
start with a brief discussion of the reasons 
and the conditions which there exist and 
which facilitated the introduction of elee- 
tric drive into this immense field of elec- 
tric application, 

It is a product of a large number of local 
and commercial conditions, which makes 
the electric drive of hoisting engines both 
an engineering and a commercial success, 
probably more so in this than in any other 
engineering problem, This being the case, 
conservatism might frequently induce mine 
owners to prefer the simple solution of 
installing the old fashioned steam engine, 
with its well known advantages and dis- 
advantages, rather than to go to the trou- 
ble of making themselves acquainted with 
the new child of electrical engineering de- 
velopment. It therefore rests with the 
electrical engineer to thoroughly study the 
individual hoisting engine propositions and 
to convince the mine owner of the ad- 
vantages of the clectric drive by figures 
and actual facts. 

On the other hand, the production of 
hoisting engine equipment may not appeal 
very strongly to the electrical manufac- 
turer, because it requires special develop- 
ment work and may hamper, to some ex- 
tent, the manufacture of standardized ap- 
paratus. 

During wor and i902 the former 
prosperous times of the German electric 
industry gave place to very adverse condi- 
tions. Orders for standard electricity 
works and railway equipment were not on 
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hand, and the management and engineering 
staff of the large electrical concerns were 
led to seck new applications for clectrical 
machinery which might be advantageously 
substituted for straight steam or mechani- 
cal drives. At the same time the mines 
and mills, which are mostly controlled by 
rich financial banking groups, suffered to 
such an extent by reason of the enforced 
idleness, and by the low prices of their 
products, that the owners were willing ‘to 
use this ebbtide of the industry for making 
such improvements as promised to increase 
the efficiency and to decrease the operat- 
ing costs of their plants. 

Of course electricity had previously 
proved to be a very valuable help, as far 
as lighting and the drive of small auxil- 
iaries, cranes and conveying apparatus was 
concerned. However, due to the efforts 
of the electrical engineers, there was a 
marked advance in the use of electric drive 
for important machines, such as large 
pumps, fans, air compressors, and mill ma- 
chinery; as well as for coal screening and 
washing plants, mining locomotives, and 
rope haulage. The goal. however, was the 
electric drive of the main hoisting engine. 

How far they were enabled to make this 
a success can be judged from the fact that 
more than sixty plants (with an aggregate 
capacity of about 44000 tons per 8 hour 
shift) were completed in about three vears;: 
and also that the size and output of plants 
on order are steadily increasing. Vor in- 
stance, 10 of the plants ordered during the 
last vear from the Allgemeine Filektrici- 
taets Gesellschaft, require each 1000 h-p. 
and over in hoist motor capacity; the three 
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largest equipments comprising two motor 
outfits of respectively 2560 h.p., 3170 h.p., 
and 3260 h.p. Considered from the manu- 
facturers’ standpoint, this means an aggre- 
gate of 20000 h.p. in low speed machines 
for hoist drive, about 12000 kw., in high 
speed generators, and 7ooo h.p, in standard 
high speed induction motors for the fly- 
wheel set; furthermore, some 10000 h.p. 
in standard power house machinery, and a 
large amount of standard switch board 
and other electrical appliances. 

The great economy of space and the light 
foundations of the electric hoist drive are 
especially advantageous in cases of sub- 
stitution for the old existing steam engine 
and boiler house outfits. The electric en- 
gine requires only about 30 to 35 Ibs. of 
steam per shaft h.p., thus reducing the size 
of the boiler plant; and as it calls for very 
little space, and light foundations, it can 
be installed pure to the old plants with- 
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Fig. 1. Diagram of Hoisting Engine Plant Equipped 
with Koepe Disc 


out disturbing the hoisting operation, so 
that the interruption of the shaft service 
when changing from steam to electric drive 
is of very brief duration; generally the 
change can be effected between Saturday 
and Monday. 

The present diversity of opinion in the 
electrical engineering profession in regard 
to the system best suited for the electrifi- 
cation of steam roads, had its parallel in 
Germany in 1yot and 1go2 in reference to 
the proper choice of system for the elec- 
tric drive of main hoisting engines, and a 
large number of discussions took place 
upon the subject at that time, with the 
final result that there are now two main 
systems in practical operation. First, the 


direct drive of the hoist by means of an 
induction motor, second, the drive of the 
hoist by means of a direct current motor, 
fed from a flywheel motor generator set, 
the latter being operated from an A.C, or 
D.C. network. This second system reduces 
the heavy load fluctuations, producing a 
nearly constant load on the power house. 

The use of induction motors direct con- 
nected to hoists necessitates powerful gen- 
erating units of heavy overload capacity 
at the power house. The heavily fluc- 
tuating hoist load causes a rather poor 
efficiency at the generating end, while the 
starting resistance of the induction motor 
reduces the efficiency of the system at the 
motor end, 

The electric braking of the induction mo- 
tor at the retardation period of the hoist- 
ing cycle, does not represent a regaining 
of the brake current energy, but on the 
contrary, has a rather bad effect upon the 
prime mover of the generators by sud- 
denly relieving it of the load, thus causing 
a tendency to race, an objectionable effect 
which can be effectively diminished by 
using steam turbine driven generators. 

On the other hand, since induction mo- 
tors can be wound for moderately high 
voltages, such as 2300 volts, they may be 
supplied directly from 2500 volt generators 
without the use of transformers. In this 
way losses due to transformation are en- 
tirely avoided, transmission losses are re- 
duced to a small amount, and large sav- 
ings are effected in investment costs. A 
great drawback is the fact that the low 
speed of the hoisting engine does not al- 
low the use of direct connected induction 
motors operated at more than, say, 25 
cycles, 

In Belgium and in the adjacent mines 
in the Northern parts of France there 
seems to exist a preference for induction 
motor drive. This is apparently due to the 
fact that the collieries operate a greater 
number of scattered pits from a central 
power house, which in addition to the 
hoisting engines, usually has a good con- 
stant load in the power required by the 
central coal washing and sereening plant, 
and the electrically-driven fans and pumps. 
The distance from power house to shaft 
is not very large, and the connection is 
effected by means of underground lead 
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covered steel armored cables, which are 
placed right in the ground without further 
protection. Mine run or coke oven gas 
gives a cheap fuel, and it is less the saving 
in fuel and more the convenience of the 
central power house and the reduction in 
boiler plant, as well as the great safety 
and easy operation of the electric engine, 
that induces the mine owner to choose 
electric drive. 

Induction motor drives supplied with 
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flywheel converters, as these are so nicely 
and safely operated by means of Ward 
leonard control, and as this permits the 
purchase of current on the basis of a very 
moderately fluctuating, smoothly changing 
load, 

Induction motor drive can be recom- 
mended for use in mines which are not 
too shallow, and for installations in which 
a power station feeds several hoists in 
addition to a large amount of other mining 
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Diagram showing patented arrangement of Electrical Winding Plant as inetalled at “Preussen II” Coal Mine, by the Allgemeine Elektricitate-Geeeliechaft, Beriin. 
Fig.2. Wiring Diagram of Hoist Driven by Induction Motor 


current from the large western American 
hydro-electric plants may probably be 
hampered by the atmospheric disturbances 
which are to be met with in long trans- 
mission lines; and, furthermore, by the 
standard frequency of 60 cycles. The slow 
speed hoist motors, as mentioned before, 
require current with a frequency of about 
25 cycles. so instead of changing the fre- 
quency by means of a frequency changer 
set. it seems more reasonable to install 
D.C. hoist motors supplied by A.C.-D.C, 


machinery, such as fans, pumps, compres- 
sors, cte. 

Hoisting plants equipped with fly wheel 
motor generator sects represent a steady 
load on the power stations. Their power 
house generator side has a very high effi- 
ciency, due to the good load factor. The 
total efficiency is decreased by the trans- 
formation losses, the losses due to the use 
of the slip regulator, which is inserted in 
the motor side of the flywheel converter, 
and the bearing and windage losses. 


o 


The no-load loss of the fly wheel motor 
generator is of serious moment in plants 
which run on very light duty during a 
large part of the day, but its influence is 
not of great importance in plants which 
“hoist fast’ and have a good load factor. 
Contrary to the case of the induction mo- 
tor hoist drive, the brake energy is re- 
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Fig. 3. Induction Motor Hoisting Engine at Pit Preussen II 


gained usefully by accelerating the fly 
wheel. and this without any undesirable 
effect on the power station units. 

Another great advantage of the flv wheel 
converter is the fact that in case of a fail- 
ure of the power supply, the stored energy 
of the fly wheel is sufficient to furnish the 
hoist motor with power for two lifts. 

The use of fly wheel motor generators 
is to be particularly recommended if cur- 
rent is being bought from outside e¢lec- 
tricity works; for plants with a power 
station the main load of which consists of 
the power required for the hoist; and for 
mines in which they are forced to hoist 
from several levels, thus requiring several 
starting periods during one hoisting cycle. 

The choice of the proper hoist) drive, 
therefore, depends Jargely upon the exist- 
ing or contemplated power station, and 
upon the load factor of the hoist, Le. the 
number of starting periods during one 
eyele, the number of lifts during one hour, 
and the duty of the engine during vari 
parts of the day, 

The first large induction motor driven 
hoist was started for commercial service 
in December, 1go2, at Vit l’reussen LI. 
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The hoisting engine is of the Koepe Disc 
Type, the disc having a diameter of 19.8 ft. 
It is designed for a-useful output of 110 
tons per hour, a useful load per lift of 4850 
lbs. from a depth of 2300 ft., and a maxt- 
mum hoisting speed of 3156 ft.-min. The 
hoisting motor is a 642 h.p. normal, and 
1662 hp. maximum, 50 r.p.m., 2000 volt. 
25 cycle, three-phase A.E.G, induction mo- 
tor with slip ring rotor, 

The Noepe dise (Fig. 1) differs from the 
hoists that are more generally in use in 
being simply a pulley, around which the 
rope passes from two sheeves which are 
arranged in the head gear, whereas the 
more common hoists cousist of  cither 
drums, around which the rope is wound. 
ur bobbins or reels upon which the rope 
is wound in layers. 

The friction on the circumference of the 
Koepe dise is sufficient to prevent the rope 
from slipping. while a tail rope connect- 
ing the rising and falling cages provides 
for balanced operation. 

The diameter of the dise is made as 
small as possible in) order to allow the 
highest possible speed for the driving mo- 
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Fig. 4. Operating Curves of Holst Driven by Induction 
Motor. Pit Preussen Il 


tor, The reduction in diameter is limited 
by the strength of the repe and the spe- 
cific surface pressure required between rope 
and dise for given load. The smaller di- 
mensious of the Koepe dise, as compared 
with those of drums and bobbin hoists. 
result in a large saving of the energy re- 
quired during the acceleration period, as 
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well as ina reduction of bearing and wind- 
age losses, 

Fig. 2 shows a schematic diagram of the 
entire hoist plant, including the operating 
and brake mechanism, ‘The operation of 
the hoist is effected by means of two 
levers, the brake lever for operating the 
air brake, and the controlling lever, which 
is connected to a double throw switch con- 
trolling the direction in which the motor 
is to operate. the electric circuit being 
open with the lever in the middle position, 
This same lever controls, also. the water 
theestat which is inserted in the motor 
circuit of the induction moter for starting 
and speed control. As a safety device 
there is provided a foot operated release 
which opens the main cireuit and throws 
the emergency brake in case of danger. 
The air brake is mechanically connected 
with the depth indicator and the abovye- 
mentioned main switch, as well as with 
a small electro-magnet so arranged that 
the brake is automatically set if the driver 
should fail to disconnect the motor at the 
proper time, or if the current is accident- 
ally interrupted, 


The water resistance consists of three 
electrodes dipping into a tank through which 
the water is being circulated by means of 
a pump operated at constant speed. The 
speed regulation of the hoist motor is 
effected by means of throttle valves which 
allow the water level in the tank to rise 
or drop; thereby covering more or less 
surface of the electrodes and decreasing or 
increasing the resistance that ts placed in 
the motor circuit. 


Fig. 3 shows the appearance of the 
hoist, which is of very simple design, and 
has worked so far satisfactorily. 


Fig. 4 are operating curves showing the 
speed. effective output and kw. consump- 
tion during one eyele. The upper part of 
the diagram shows the relation between 
the speed and the hip. requirements of the 
heist. The speed is increased during the 
first 16 seconds, (the acceleration period) 
from zero to 3180 ft.-min, This speed is 
maintained up to the 33d second, at which 
time the current is cut off and the motor 
is coasting up to the 53d second. The h.p. 
required for the acceleration rises within 
the first 16 sec. to a maximum of 1380 


hip. and drops during the running period 
to only 540 h.p. 

The lower curves show the influence of 
this fluctuating load on the power house, 
the upper dotted line the total output of 
the steam engine in kw., the second dotted 
line the output of the generators in’ kw., 
the full line, the actual consumption of the 
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Fig.5. Hoisting Engine Driven by S00h. p, Induction 
Motor. Grand Hornu, Belgium 


hoist motor in kw. The area between the 
second and the last mentioned lines rep- 
resents the constant load of the power 
house, consisting of pumps. fans, ete. This 
curve shows very plainly the disadvantage 
of feeding one large induction motor driven 
hoisting engine from a power house when 
this violently fluctuating load is the main 
load. 

A more recent plant. using large induc- 
tion motor driven hoists, is that at Grand 
Hornu, Belgium. ‘This plant is operating 
very satisfactorily and comprises three 
hoisting engines which are supplied from 
one central power house. The peaks of 
the hoisting engines overlap each other 
to a great extent, thus avoiding the large 
power fluctuations in the power house and 
improving considerably the load factor and 
the general economy. 

Two of the three hoisting engines are 
identical and are direct driven, cach by a 
493 hp. normal, 926 h.p. maximum, 42.5 
rp.m., 23 cycle, three-phase AEG. indue- 
tion motor, The hoisting engines are of 
the bobbin type, designed for a useful 
output of 71.5 tons per hour, at a maxi- 
mum hoisting speed of 2160 ft.-min. and a 
useful load per lift of 5720 Ibs. from a pit 
depth of 3300 ft. The third unit is some- 
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what smaller, and is equipped with a 246 
h.p. normal, 444 h.p. maximum, 37 r.p.m. 
A.E.G. motor designed for a one hour 
output of 58.6 tons, at a maximum hoist- 
ing speed of 1662 ft.-min., from a pit depth 


54437 
ay 


|) hen es rd 


: 
i | [ | 
> mS w=“ 
a as 


Fig. 6 Sess. Efficiency and Horse Power 
of “Grand Hornu” Hoist 


of 2269 ft. The first engine was started 
for commercial operation in June, 1YO4. 
Fig. 5 is a view of the hoisting engine, 
the clectrical equipment of chick’ is simi- 
lar to that of the “Preussen” hoist. In 


The curves, Fig. 8, refer to another Bel- 
gium plant, namely, that of the “Esper- 
ance and Bonne Fortune Mine”, the hoist 
of which is not induction motor driven, 
but comprises a 250 h.p., 40 ton fly-wheel 


ah 


: é ' 
bs mmpersz ase eo 
ae ~ 


(4 0 3 “Id rm 


a ee 
Pe 


Fig.§ Equalization of Horse Power Output by Flywheel 
Converter. “Esperance A Bonne Fortune™ Mine 


converter for supplying a 350 7oo h.p. 
D.C. hoist motor. The left hand curve 
shows the characteristic fluctuating input 
required by the hoist motor, while the 
right hand curve shows the corresponding 


Fig.7. Kw Consumption During One Lift of Hoist at Grand Hornu 


accordance with the Belgium law. the 
platform fer the heist operator is raised, 
enabling him to see the landing. 

Tower is supplied from a central power 
house. the main unit of which ts a 4000 
K.VLA.. 1000-1250 volt, 23.5 cycle, engine 
driven three phase generator, made by the 
A.FE.G.. and as a reserve there is also a 
2000 K.VLA. unit. 

Fig. 6& A and B. shows the relation he- 
tween speed and hop. required when lifting 
irom various levels, while Fig. 7 shows a 
Watt consumption curve taken with a re- 
cording wattmeter while hvisting from the 
2300 it. level. 


output of the generator and the input of 
the induction motor from the flywheel set. 
These curves show the equalizing prop- 
erty of the fvwheel converter when used 
in connection with a constant resistance 
inserted in the rotor circuit of the induc- 
tion motor, An even greater equalization 
can be obtained when an automatic slip 
regulator is used. 

This leads us to the discussion of hoist- 
ing engine plants with moter flywheel 
generator sets, The first: plant was’ in- 
stalled at Pit Wetterschacht of the Don- 
nersmarkhtitte. and was started in) May, 
1003, in connection with a small hoist 
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having a useful load of 2750 Ibs. to be 
lifted 1650 ft. at a maximum speed of ggo 
ft.-min, 

Fig, to shows the rather crude flywheel 
set, which censists of a 123 h.p., 500 r,p.m., 
1000 «volt, 50 cyele induction motor; a 
16.5 ton flywheel, and a 144 kw. compen- 
sated Deri type D.C. generator. The 
226,355 hp. 150 r.p.m, hoist motor drives 
the hoist by means of 1:6 single reduction 
gear. The electrical equipment was fur- 
nished by the Union Electric Co. (now 
merged with the Allgemeine Elektr.-Ges.) 
and the mechanical part by the Donners- 
markhutte. The supply systems were de- 
signed by Mr. Ilgner, the chief engineer 
of the Donnersmarkhttte, and represents 
a clever combination of a number of well 
known pieces of apparatus. First, the 
shunt motor with speed control by means 
of a field rheostat (or the induction motor 
with regulating resistance in the rotor). 
Second, the flywheel for furnishing peak 
load energy for driving the generator which 
supplies the hoist motor. ‘Third, this 
generator, Which should preferably consist 
of a compensated or commutating pole 
machine, in order that it may furnish an 


Fig, 10. 125 h.p. Flywheel] Motor Generator Set 
at “Donnermarckhutte” 


excessively large current at a low voltage, 
as required during the acceleration periods 
of the hoist. Fourth, the well known Ward 
leonard system of speed control for the 
D.C. hoist motor. 

Fig. 11 is a wiring diagram of a com- 
plete outfit of an A.E.G. flywheel con- 
verter hoisting engine drive. From the 
three-phase supply mains, current passes 


PRACTICE IN ELECTRIC HOISTING ENGINES g 


through the main oil switeh A © S and 
enters the stator of the ‘ype M induction 
motor. ‘The shaft upon which the rotor 
of this machine ts mounted also carries a 
heavy fly wheel and, in addition, the ar- 
mature of the 1).C. generator, which latter 
machine is separately excited from the 
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Fig. 11, Wiring Diagram of Hoist Equipped with 
Flywheel Motor Generator Set 


The reversing field rheostat “RCR" for 
the Ward Leonard control is inserted in 
the field winding of this generator, and 
by means of this small apparatus, the po- 
tential of the generator can be gradually 
increased or decreased, and the direction 
of the armature current reversed at will, 
thus controlling the direction of rotation 
and speed of the hoist motor. 

E.F.S. is the emergeney field rheostat, 
which operates by gradually short circuit- 
ing the field winding of the generator, thus 
stopping the current supply of the hoist 
motor. It is useful in event of the failure 
of the main reversing field rheostat, or in 
case of the emergency brake being ap- 
plied. 

The emergency brake can be operated, 
first. by hand: second. automatically, by 
means of a mechanical connection to the 
depth indicator (an instrument driven from 
the shaft of the hoisting engine, and which 
indicates the position of the cage). and 
third, automatically or at will, by short 
circuiting the winding of the clectro-mag- 
net “B.M.", which is inserted in the hoist 
motor field circuit and when = energized. 
keeps the emergency brake in the lifted 
position. Automatic setting of the emer- 
gency brake takes place if the hoist motor 
excitation fails. and also in event of an 
excessive overload tripping the circuit 
breaker “AMC”, which closes the switch 


“SCS”. 
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This circuit breaker ts set for a very 
high overload and in order to protect the 
induction motor against too great a load 
and, furthermore, to allow the drop. of 
speed which is necessary to enable the fly- 
wheel to give up its stored energy, the 
ship regulator “SSR” is inserted in_ the 
rotor circuit. The rheostat is automatically 
operated by means of a torque induction 
motor “SR° supplied from a series trans- 
former “SRT. which, in turn, is inserted 
in the main leads feeding the main induc- 
tion motor. Thus, the torque of the torque 
motor increases with increasing load on 
the main induction moter. Attached to the 
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Pig. 12. Diagram of Available Winding Speeds. Control 
Cams. Depth Indicator connected with Speed Control 


shaft ef the torque metor is a two arm 
lever, carrying on one arm three electrodes 
which dip in the water resistance, and on 
the other arm aio wetght, which can be 
adjusted tu counterbalance to any extent 
the weight of the electrodes, and the 
Tardgue of the motor, As long as the cur- 
rent dees not exceed the desired average 
amperage. the electrodes are deeply im- 
mersed in the water resistance and little 
or ne resistance is inserted in the rotor 
cirenit: Wi. hewever, the main current be- 
comes excessive, the torque of the torque 


motor overcomes the counter balancing 
weights and raises the electrodes in the 
water resistance, thus increasing the re- 
sistance in the circuit of the rotor and re- 
ducing its speed. Instead of the A.E.G. 
water resistance device, slip relays are some- 
times used, which comprise A.C. relays 
that close a [D).C. motor circuit, the motor, 
when thus started, driving the contact 
lever of a metal rheostat. 

A necessary part of the hoisting engine 
equipment is the safety device by means 
of which the driver is prevented from ac- 
celerating or retarding at an objectionably 
high speed. Since. according to Ward 
Leonard control. the speed of the hoist 
motor must be practically proportional to 
the potential of the flywheel generator, and 
this potential is varied by means of the 
small exciter field rheostat. very simple 
means are required to limit the speed at 
which this rheostat can be operated. 

Fig. 12 shows one of the various designs 
in use. The lower part is an outline draw- 
ing of the mechanical layout. Starting 
from the right hand side, we notice that 
the operating lever of the hoist is inter- 
locked by means of a side rod, first with 
a two arm reversing lever, which operates 
the field rheostat. and second, with a bent 
lever, one arm of which rests against one 
of two adjacent cams. These cams are 
gear driven from a shaft which in turn is 
bevel gear driven from the above mentioned 
depth indicator, The stroke of the hoist 
operating lever is limited by the stroke 
of the bent lever, and simultancously with 
i, the operation of the interlinked lever 
of the exciter rheostat. Furthermore, each 
point on the circumference of the cams 
corresponds to a certain position of the 
cages which are to be hoisted, since the 
cams are gear driven from the shaft of the 
hoist, It is possible, therefore, to shape 
the cams according to a predetermined 
hoist evele speed, The center part of Fig. 
12 shows the actual shape of the cams, 
one of which is limiting the forward, and 
the other the backward stroke of the 
operating lever. The operating lever, 
shown in the allustration, is m the “back- 
ward” retardation position, and a few mo- 
ments before the lift is finished. The 
shaded lines in the upper diagram show 
the speed at which the operator could run, 
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while the actual speed at which he oper- 
ates the hoist is indicated by the full line; 
the ordinates representing the hoisting 
speed in meters per second, and the abeis- 
sae the time required per hoisting cycle. 

Again starting from the left hand side, 
we notice that the hoisting speed is grad- 
ually increased until the maximum free 
running speed of 18 m-sec. (3560 ft.-min.) 
is reached, when after a few seconds the 
speed is gradually decreased to zero, The 
shaded line indicates that the operator is 
still able to run during a considerable time 
at a very low speed, a feature necessary 
to enable him to adjust cages, ete. Finally, 
however, the possibility of hoisting at even 
the low speed is prevented, as ts shown 
by the two lines coming together that in- 
dicate the actual and the available hoisting 
speeds. 

To summarize: First, after the cage 
has reached the landing. operation at 
a very low speed is possible up to a cer- 
tain time; furthermore, the power ts not 
cut off entirely if the operator should fail 
to shut down. Second, should he fail to 
stop properly, the cage is automatically 
brought to a standstill after it reaches a 


position which is dangerously near to the 
head gear. Third, the operator can make 
no mistake with regard to the direction of 
starting, as when the lever is in the stand- 
still position, it can be thrown in the re- 
verse direction, only. 

The safety of operation warranted by 
electric drive is not a matter of problem- 
atical advantage, but its value can be ex- 
pressed in dollars and cents, 

For instance, the German and the Aus- 
trian Governments allow a speed of 1980 
ft.-min. when hoisting men by the elec- 
tric hoist, while they do not allow a 
higher speed than 1188 ft.-min. for steam 
engine driven hoists. With a not very 
large number of miners and a depth of 
goo ft.. 30 minutes of useful operating 
time can be saved in this way and added 
to the daily operation of the mine. An 
actual saving of 310000 per year is claimed 
by an Austrian mine employing 2000 
miners. ‘This, of course, in addition to the 
greater output of ore hoisted by reason of 
the increased speed and the reduction of 
the time required for the setting of multi- 
floor cages. 

Tu be continued, 


THE UBIQUITY OF THE ELECTRIC MOTOR 


By F. M. KIMBALL, Manager General Electric 
Company's Small Motor Sales Department 


Within the past fifteen vears the elec- 
tric motor has became truly ubiquitous. 
Adopted at first on a limited scale and with 
considerable hesitation in connection with 
inechanical processes it soon found its way 
into printing offices where it gradually ac- 
quired an unassailable reputation as the 
most desirable of all small sources of power, 
until in this beginning of the ‘Twentieth 
Century, it has been assimilated into sub- 
stantially every manufacturing industry, 
into an unending list of general commercial 
applications and, more recently it has en- 
tered the domain of the home and is now 
fnily recognized as an indispensible adjunct 
in connection with the mechanical or semi- 
mechanical processes necessitated — by 
modern household requirements. 


Applications of motors in machine shops, 
in connection with transportation and the 
more prominent manufacturing industries 
have heen so universal that they no 
longer excite any comment or par- 
ticular interest, the absence of electric 
motors in a modern factory being really 
more noticeable than their presence. Turn- 
ing, however, to the more highly spec- 
ailized motor applications we find many 
uses which, while little known to the public 
at large. are ingenious and interesting, 

The power supply in many large modern 
bakeries is distributed electrically ; the unob- 
trusive motor furnishes power to sift the flour 
—to mix the bread, see cut p. 2—to oper- 
ate the revolving and continuous ovens,—to 
stamp out cookies, cakes and fancy forms 
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of pastry,—and one of the latest achieve- 
ments is the development of a motor driven 
pie making machine which rolls out the 
crusts, forms them, fills the pies and de- 
livers them to an endless belt, ready for the 
ovens. ‘The paste for cakes is beaten up in 
a motor driven machine;—the filling for 
pies is prepared by means of electric power ; 
eggs are beaten and frosting prepared by 
the same means and many bakers have 
adopted electric automobiles for delivering 
their wares. The substitution of the com- 
pact and cleanly individual electric drive 
in place of the oil-dripping shafts and dust- 
making and dust-carrying belts has exer- 
cised a vast influence toward ensuring a 
high standard of cleanliness in all the bak- 
eries that have adopted it. Purchasers are 
not slow to preceive the improved condi- 
tions under which food supplies are thus 
produced and distribute their patronage 
accordingly. 


Within two or three years many of the 
best laundries have equipped their washing 
machines, mangles, centrifugal dryers and 
wringers, collar and cuff ironers and other 
similar machines with motors. They have 
also taken advantage of the improvement in 
the electric flat iron to effect a substitution 
for the stove heated iron or the malodorous 
gas iron; in addition to the hygenic benefits 
achieved by this substitution, a large ele- 
ment of damage to the clothes through 
overheated irons has been eliminated as the 
electric iron can be maintained at a sub- 
stantially constant temperature under prac- 
tically all conditions of use. 


Nearly all the large hotels and restau- 
rants employ the electric motor for operat- 
ing dish washing machines, knife cleaners, 
silver buffs, ice cream freezers and meat 
choppers,—while the dairies find the motor 
driven churns, bottle washers, and butter 
workers far more satisfactory and cleanly 
than the old time belt driven machines. 


Stores, restaurants, clubs and markets 
find the use of motor driven refrigerating 
machines a great improvement over a 
reliance on ice with its drip, undesirable 
feature of daily delivery, uncertainty of 
refrigerating effect and, particularly, during 
the season just passed, the refrigerating 
machine has afforded a welcome insurance 
against the exhorbitant demands of the ice 


companies and a full protection against 
shortage of natural ice. 


Manufacturers of velvets, silks and rib- 
bons have recently taken up the electric 
drive very actively; the delicacy of the 
fabric wrought and the large damage done 
to the high-cost materials employed, due to 
the oil and dust thrown by belts has in- 
duced large manufacturers to adopt the in- 
dividual electric drive for their looms, wind- 
ing machines and in their finishing rooms. 
The power thus supplied, is perfectly 
steady and uniform, insuring increased pro- 
duction, and the cleanliness of the drive 
prevents in a great measure the damage and 
waste arising from the production of 
“seconds.” 


Turning to the use of motors in frac- 
tional horse power sizes,—we find a truly 
wonderful expansion in the field of appli- 
cation. Physicians, surgeons and dentists 
have developed many very important and 
ingenious pieces or apparatus for use in the 
particular treatment of various diseases or 
for performing specific operations, which 
require a smail supply of power. These de- 
vices are frequently of the greatest thera- 
peutic value and enable relief to be ex- 
tended to patients in cases where all pre- 
vious methods of treatment have failed. 
Among the devices so used are static elec- 
tric machines, air pumps, vibrators, atom- 
izers, centrifuges, saws, drills and cauteries. 


In barber shops electric motors furnish 
the supply of hot or cold air for drying the 
hair or spraying the face after shaving. 
Massage of the scalp and face is also done 
by motor driven machines. There are, in- 
deed, almost endless forms of motor driven 
massage machines and in some of the more 
recently equipped gymnasiums motors are 
employed to drive exercising machines 
which are adapted to develop the various 
muscles of the body, either collectively or 
locally without voluntary action on the 
part of the person undergoing treatment. 

Thousands of small motors are used for 
flashing the electric signs with which our 
netropolitan cities are so attractively illum- 
inated cach night. 


In the larger tailoring establishments 
motors are used for operating sewing ma- 
chines, cutting machines and = sponging 
cloth. 
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Much of the manifolding apparatus, now 
so important an adjunct of the modern 
business office, is driven by electric power 
and recently a motor driven office phono- 
graph,which is largely used to supplement 
the work of stenographers, has been widely 
marketed. 

The immense number of batteries for- 
merly required in all telegraph offices has 
been largely superseded by the small motor- 
generator set, the care and maintenance 
of which does not involve a fiftieth part of 
the expense necessitated in keeping the bat- 
tery cells renewed and in proper condition. 

Improved railway signals are operated by 
smal! electric motors and the larger depart- 
ment and mail order stores have adopted 
electrically operated letter sealing machines 
which close and seal envelopes with won- 
derful rapidity. 

During the past two or three years a vast 
number of domestic sewing machines have 
been equipped with motors to the extreme 
satisfaction of the ladies and with the elim- 
ination of the most disagreeable feature of 
machine sewing. 

Very satisfactory electrically driven 
washing machines are also now coming on 
the market for domestic use and these, in 
connection with small motor driven man- 
gles materially ameliorate the strenuous 
activity of washing days. 

A recent application of the small motor 
is in connection with floor waxing ma- 
chines. The growing popularity of hard 
wood floors has necessitated the invention 
of special methods for their care and these 
machines do the work in a much superior 
manner to hand work and with a fraction 
of the labor. ‘They were first brought out 
in Germany but improved forms have re- 
cently been manufactured in America. 

A very effective form of carpet sweeper 
is supplied with a small motor to revolve 


the brushes and a recent motor driven ap- 
pliance embodies a domestic vacuum clean- 
ing process by means of which a great part 
of the !abor of daily sweeping and dusting, 
as well as the semi-annual house cleaning, 
is eliminated. 

A recent invention consists of an electric- 
ally operated carpet renovator which is used 
very much as the carpet sweeper is used; 
it beats the carpet or rug in place, brushes 
up the dust and, by means of an exhaust 
blower sucks the dust and lint into a dust 
proof receptacle, thereby rendering the 
operation of rug cleaning much more com- 
plete and less offensive than is ordinarily 
the case. 

Many of the popular mechanico-musical 
instruments rely for their successful opera- 
tion on the motor drive; the phonograph, 
the graphophone and other talking ma- 
chines are all so driven, as well as many 
forms of self-playing pianos and organs. 
The bellows boy in the organ loft of our 
churches has been retired in favor of the 
motor driven blower and even the clocks 
in our church towers are now being auto- 
matically wound by electric power. 

The inventors of the country have be- 
come fully aroused to the large and profit- 
able field of motor applications which has 
been opened through improvements in the 
quality and reliability of small electric 
motors and the reduction in their price 
and they are daily finding new uses for 
them in novel and labor saving applica- 
tions. Although progress in the adaptation 
of small motors to commercial and do- 
mestic uses has been so rapid and has 
covered such a wide field, the ultimate 
possibilities are as yet but faintly realized. 
The first decade of the Twentieth Cen- 
tury finds the clectric motor in common 
use; in the second decade its employment 
will be almost universal. 
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THE SYSTEM OF THE NEW YORK EDISON COMPANY 
By S. D. SPRONG 
PART II 


All relays and instruments are provided 
with permanent switches in series, so that 
if necessary, they may be readily adjusted 
and checked, even while the circuits are 
in service, As a record of the load curve, 
and also as a check against the recording 
wattmeters on the generators, half-hourly 
readings of the indicating wattmeters on 
the generators are taken; and on peak 
lead the readings are taken every quar- 
ter hour, ‘These readings are integrated 
for each day and month. As an indication 
of the high average accuracy of the meters, 
the monthly readings of the indicating and 
recording instruments usually check with- 
in % of 1%, and are never out more than 
one per cent. without the error being ac- 
counted for. 

The distribution of all current from both 
Waterside stations is under the exclusive 
control of one man who is called the sys- 
tem operator, and who is the exact equiv- 
alent of the train despatcher of a steam 
railway system. He has entire control 
of the system, including the Waterside 
stations, Feeders and rotaries are put 
into or out of service only on his order, 
and he receives at frequent intervals, re- 
ports from all the sub-stations, giving the 
load on each of the high tension feeders, 
and the reserve held in the storage bat- 
teries, 

In front of the system operator is a 
large outline map of the city, with all 
the stations and high tension feeders 
painted in. Small hooks are fixed at the 
feeder ends, on which the operator places 
a blue tag if the feeder is dead, or a red 
tag giving the load on the feeder if it 
is in use. When a feeder is tied through 
one station to reach another, it is shown 
on the operator's board by a piece of elas- 
tie ribbon with a ring on each end, which 
are placed over the feeder hooks, thus 
completing the connection through the 
station. In this way the system operator 
can tell at a glance what feeders are con- 
nected to Waterside bus, their routes, and 


the loads they are carrying. If a feeder 
is being held off for repairs, this is also 
indicated by a tag. 

The means of communication between 
the system operator and the sub-stations 
was worked out with considerable care to 
avoid interruption of the telephone service. 
The operator's desk is a special form of 
telephone central board, located within the 
glass inclosure of the operating gallery. 
From this board one or more trunk lines 
run to every sub-station, the lines leaving 
Waterside by two independent routes. 

Where the telephone trunks enter the 
basement of Waterside station, branches 
are tapped on and carried through a sep- 
arate conduit to a point within the bus 
house, where a duplicate switchboard is 
installed. ‘This reserve board may be used 
if for any reason the regular board be- 
comes inoperative, or the location ‘un- 
tenable. 

As an auxiliary to the telephone, we 
have recently perfected after considerable 
experimentation, a signal system somewhat 
on the lines of a fire alarm. Its principal 
purpose is to convey to all the sub-stations 
simultaneously, certain easily interpreted 
signals that will reach the operator in 
whatever part of the station he may be 
at the moment. Under certain conditions, 
the system-operator may have reason to 
apprehend more or less extensive trouble, 
consequently all the sub-stations should 
be notified immediately. For the system 
operator to notify serially about twenty 
stations by telephone would be avery 
slow method, and absorb his entire atten- 
tion at a critical time. We have therefore 
arranged to install at the system operator's 
desk, a series of ten signal buttons. ‘These 
are connected in multiple to the private 
telephone trunk lines to all sub-stations, 

Ly pressing any button, its particular 
signal will be announced on a large gong 
in all the stations of the Company simul- 
taneously. The most important is the 
“Stand By" signal, cautioning the opera- 
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tors to have their apparatus and batter- 
ies arranged in the best way to meet a 
possible system disturbance. 

ty the use of sensative D. C. relays 
and high impedance coils, the signal sys- 
tem is connected directly to the telephone 
lines without interfering with their use 
telephonically, and without the ringing 
current operating the relay. 

As already stated, both Waterside sta- 
tions are situated on adjacent city blocks. 
The conservatively rated capacity of No. 
t is 58.500 kw., and No. 2, when fully 
equipped, will have a rating on a_ simi- 
lar basis of about 80,000 kw., but with an 
overload capacity of 120,000 kw. It is our 
present intention, and has been the practice 
to date, to operate both stations as one, 
by means of heavy ties between the high 
tension buses. 

There are four sets of ties, with a com- 
bined normal capacity of 45.000 kw., con- 
necting their respective sections of bus. 
The conductors are 1,000,000 c. m., with 
varnished cambric insulation and lead 
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Fig.1. Load Diagram 


covered. Each phase is carried through 
a separate line of tile conduit, and at each 
end has two 1200 ampere oil switches in 
series, or four oi] switches in series on each 
tie between the buses of the two. sta- 


tions. The interconnection of the excita- 
tion buses has already been described. 
Speaking geographically, the relative lo- 
cations of boiler and engine rooms of the 
stations are the reverse of cach other, thus 
bringing the boiler rooms on opposite sides 
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Fig, 2. 


Connections between Waterside 
éw York Edison System 


High Tensii 
Stations, 


of 39th street. The steam and water mains 
of both stations are — interconnected 
through tunnels under the street, in’ this 
way uniting the mechanical as well as the 
electrical elements of the generating equip- 
ment. 

For communication between the opera- 
ting galleries, there has been installed the 
usual telephone system, and there will be 
in addition a pneumatic tube. ‘To insure 
the greatest possible safety for the work- 
men, all high tension feeder and switch 
work is carried on by an elaborate system 
of written orders and receipts, and it is 
for the transmission of these that the pneu- 
matic tube is provided. 

It may be reasonably questioned whether 
the operation of two such large stations 
in multiple insures a larger factor of safe- 
ty to apparatus and service than independ- 
ent operation. ‘lo the apparatus, of course 
it does not, but our experience has demon. 
strated its real value to the service in 
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every-day operation because of the obvious 
fact that the greater the capacity in multi- 
ple, the smaller will be the effects of a 
short-cireuit on the system, The fact that 
nearly all the converting apparatus is of 
the synchronous type, and that the capac- 
ity connected at any one time is above 
120% of the generating capacity, adds ma- 
terially to the stability of the system under 
momentary short-circuit. 

The first principle of independent opera- 
tion would be the possibility of either or 
both generating stations supplying any 
sub-station, This provision requires elab- 
orate precautionary measures to prevent 
connecting the systems together; Brepter 


Fig.3. High Tension Connections of Sub-station 


care and deliberation in the ordinary opera- 
tion of the stations, and in the confusion 
and uncertainty arising from emergencies, 
less assurance and promptness on the part 
of the operators and a generally lower 
“factor of precision” in the Operating De- 
partment. The uncertainty as to time 
and the wonderful variety of situations 
that accidents bring about without a mo- 
ment’s notice, make it incumbent on the 
engineers to provide means to insure oper- 
ating stability by the simplest means pos- 
sible. After these have been provided 
there remain but two elements in reserve 
for cases of trouble, which have to be 


depended upon to put the system on its 
fect again—the storage battery, and the 
operator on duty. To insure high effi- 
ciency at this critical time, the cupacity 
of both should be expended on the main 
object, as directly, and with as little com- 
plication as possible. 

Leaving Waterside stations, the usual 
precaution of routing feeders to the same 
sub-station by independent routes is em- 
ployed. ‘The two feeders making up one 
group are arranged to supply widely sep- 
arated sub-stations, and no sub-station is 
supplied exclusively by feeders from any 
single section of Waterside bus. 

Entering the sub-station, the feeder is 
earricd through iron pipe, or clay conduit, 
to the terminals of a large capacity oil 
switch, The pipe is used where space is 
limited or canters are close together, or 
where there are a number of | bends in 
the run, 

The high tension bus arrangement in the 
sub-stations comprises a general or emer- 
geney bus, connecting to all feeders and 
machines, and a sectional main bus with 
a feeder for each independent section. To 
this section of main bus is connected a 
capacity of apparatus equal to the normal 
capacity. of the feeder, or about 2009 
kw. The feeder may, however, be connect- 
ed to the emergency bus, thus making it 
possible to put any machine, or group of 
selected machines, on any feeder. 

The oil switch on the feeder has an over- 
load relay similar to the Waterside end, 
but adjusted to a somewhat smaller load. 
From the automatic switch, the feeder is 
connected to the common point between 
two non-automatic oil switches, which act 
as selectors to throw the feeder on cither 
the emergency bus or the sectional main 
bus. The equipment on the high tension 
side of the converters is a duplicate of 
this. but used in the reverse order, that 
is, first selecting one of the buses men- 
tioned, then through the automatic switch 
to the high tension side of the static trans- 
formers, which are connected in delta. All 
oil switches are remotely controlled from 
the DPD. C. switchboard. The 170 volt see- 
ondary side of the transformers is con- 
nected in double delta, six phase, through 
an induction regulator, to the rotary con- 
verter. 
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In reference to the regulator, | might 
anticipate a Jittle to explain that the new 
1000 «kw. converter equipments now on 
order will not include an induction reg- 
ulator, 

Equivalent regulation will be obtained 
by what is, in effect, an auxiliary 150 kw. 
A. C. generator, mounted on the rotary 
shaft between the collector rings and the 
armature body. The low voltage windd- 
ing on the small generator will be con- 
nected in series with the taps from the 
collector rings to the winding on the con- 
verter armature. By varving the strength 
and direction of the fields of the auxil- 
iary generator, a suitable vollage range 
on the A. C. side of the converter arma- 
ture will be obtained. 

OF the sub-stations in) operation, the 
largest has a total capacity in converters 
of rto0o kw. The size of the converter 
units in general use are from §00 to 2000 
kw, 

All converters are started from the D. 
C. and without difficulty, although the con- 
nection between the A. C. side and the 
secondary of the static transformers is 
left closed. About 25% full load current 
is required to start in this manner, There 
is a difference of less than 1¢% when the 
secondary circuit is open. 

The converters are connected to the D, 
C. bus through a shunt operated cireuit 
breaker on one side, which affords am- 
ple protection if the rotary frame is not 
allowed to become grounded. 1/10 ohm 
or more is sufficient to prevent a danger- 
ous current flow to ground, ‘The circuit 
breaker is normally left: closed, but may 
be opened cither by hand or a speed limit- 
ing device mounted on the end of the 
rotary shaft. Experience has shown that 
the circuit breaker must positively trip 
at as low as 12% of normal voltage, if 
a run-away of the rotary is to be pre- 
vented under certain conditions of de- 
pressed voltage. 

From the D. C. buses, 1,000,000 ¢, m, 
concentric feeders supply the outers of the 
3 Wire net work, No fuses or auto- 
matic disconnecting devices are employed 
on the feeders, or anywhere on the dis- 
tributing system except at the service in- 
side curb line on the customer's premises, 
There is nothing to be feared from a short- 


circuit on a 1,000,000 c. m. concentric 
feeder on a 270 volt bus, as the current 
never reaches more than 200% of normal 
full load, 

The concentric feeders referred to as 
1,000,000 ¢. m., are in reality made up of 
an inner conductor of 1,022,000 c. m., and 
an outer conductor of 979,000 ¢c. m., or a 
difference of about 4% in favor of the 
inner, 


Fig. 4. Switch on Positive Side of 2000 kw. Converter, 
Sub-station, New York Edison System 


ty making the inner conductor of 4% 
lower resistance, partly offsets its natural 
increase of resistence resulting from the 
higher temperature it necessarily attains 
under load. 

This disparity in’ temperature between 
the inner and outer conductors becomes 
rather marked. as tests show that after a 
five hours’ run at 1000 amperes, the outer 
attains a temperature of 53° C. and the 
inner 63.5° C. or a difference of 10.5 de- 
grees, These readings were taken on an 
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ordinary winter day, with a cable tempera- 
ture at start of about 4° C. 

As all current from the converters and 
feeders is fed into the three wire net work 
at 240 to 300 volts on the outers, the neu- 
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of two 75 kw. 150 volt shunt wound gen- 
erators with armatures mechanically 
coupled, 

This set will take care of a neutral cur- 
rent of 1200 amperes, which is ample ca- 
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Diagram Showing Low Tension Circuits and Connections 
in Sub-station of New York Edison Company 


tral is determined by the battery which is 
always floating and can satisfy sudden de- 
mands of unbalancing. 

The battery is assisted in maintaining the 
neutral by the usual balancer set, made up 


pacity, as the unbalance on each station 
is usually less than 100 amperes. This re- 
markably small neutral current is the re- 
sult of the rigid requirements of the Com- 
pany that all lighting above five amperes 
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must be equally divided on the three wire 
system, and all motors over five horse- 
power must be supplied from the outers at 
240 volts. This careful balancing of the 
load is carried to an extreme in New York, 
and to a far greater extent than on any 
other Edison three-wire system. 

The sub-stations are provided with the 
usual D. C. instruments of the edgewise 
pattern. The ammeter on the converter 
having zero in the centre of the scale, so 
that the current necessary to start the 
rotary, the extent of any reversal, or its 
load when operating inverted, may be ob- 
served. Each machine has a power factor 
indicator enabling the operator to maintain 
100%. <All synchronizing is done on the 
dark period ; in Waterside stations by means 
of lamps, voltmeter and synechroscope in 
multiple; in the sub-stations, by a lamp 
and hot-wire voltmeter in multiple, one 
acting as a check on the other. <Auto- 
matic synchronizing has never appealed to 
us very strongly. In railroad work, where 
the voltage and load fluctuate abruptly, it 
may be a valuable aid in the prompt 
handling of the apparatus, but in a light- 
ing system the conditions are quite differ- 
ent. If placed in series with the circuit 
controlled by the operator, and in this way 
acting as a check on his judgment or at- 
tention, it might prevent some trouble. 

Experience suggests the general principle 
that there should be avoided as far as pos- 
sible, any arrangement of apparatus that, 
for its proper use, fixed sequence of manip- 
ulation is necessary. 

Where this condition cannot be avoided, 
automatic interlocking should be resorted 
to, as it may be said, and without dispar- 
agement, that no amount of experience, 
training, or knowledge of consequences, 
will eliminate that peculiar frailty in the 
human makeup which sometimes permits 
an operator to reverse the usual order of 
handling his apparatus. 

A system should therefore be reduced to 
its lowest terms of simplicity, not only for 
regular operation, but because the diffi- 
culties of complication become emphasized 
in cases of emergency. 

The New York Edison system has the 
proud record of never having been com- 


pletely shut down since it was established 
and regularly operated as a commercial 
enterprise—covering a period of nearly 25 
years, (1882-1907.) 

In contemplating the use of Edison ser- 
vice, the question is never asked by resi- 
dents of New York as to the possibility of 
the current supply failing. Even with this 
honorable record, every possible provision 
should be made for such a contingency. 

Notwithstanding the consistent sim- 
plicity of the system, it was only after the 
most careful consideration, and extensive 
eperimentation covering a period of some 
months, that a method could be formu- 
lated which appeared to entirely meet all 
the conditions necessary for positively 
starting up the system from shut-down. 

The rules, printed in pamphlet form and 
issued to all operating department em- 
ployees, are in outline as follows: 

On the first word of extensive trouble 
on the high tension system, all ID. C. feed- 
ers are thrown on the auxiliary bus, thus 
clearing the main bus to which all con- 
verter fields, auxiliaries, station lighting 
and control circuit are connected; the stor- 
age batteries remaining connected to all 
buses. If the cessation of alternating cur- 
rent supply is prolonged and the batteries 
become exhausted to the point where the 
lamps in the station give no useful light, 
the batteries are disconnected from the 
auxiliary buses, thus cutting the D. C. 
network clear by the throw of one switch, 
and reserving the remaining charge in the 
battery to supply the station lighting and 
auxiliaries through the main bus. Even 
after the exhaustion resulting from such 
severe service, the battery will be imme- 
diately capable of supplying all station de- 
mands for a considerable time. ‘Tests have 
shown that after a battery has been dis- 
charged under heavy overload down to a 
terminal pressure of only 30 volts, it will, 
when relieved of the overload, come back 
to 120 volts within one minute and carry 
600 amperes at about this voltage for 114 
hours. 

All converters being at standstill, and all 
high tension feeders dead, one or two con- 
verters, as the load on the sub-station may 
require, are closed on a_ high tension 
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feeder, designated by the system operator. 

The D. C. switches and field switch are 
open. At Waterside, a generator, prefer- 
ably a turbine because of tts uniform ac- 
celeration, is at standstill and connected to 
the bus, the generator having maximum 
excitation. On word from the system 
operator, the generator is started very 
slowly and gradually brought up to about 
1/3 speed, or 6 to 8 cycles. When the 
generator starts, all the converters start 
promptly, taking about full load current at 
first. After they have a fair start, the field 
switches are closed for a few seconds on 
the discharge clip, which gives the fields 
only a trace of excitation, but enough to 
properly fix their polarity and bring the 
converter approximately into step, when 
the field switch is finally closed. The fre- 
quency and voltage are held low so that 
the converters may be closed on the D, C, 
system at the minimum possible pressure, 
which is about 1/3 normal. 


As most of the converters will be fully 
loaded under these conditions, the fre- 
quency is held low in Waterside till addi- 
tional converters can be started from the 
direct current furnished by the one already 
running, and synchronized with the = sys- 
tem. As this synchronizing is done at very 
low frequency and voltage, the ordinary 
instrument and lamps are not suitable, As 
great accuracy is not essential, a special 
lamp is used which is a modification of the 
familiar Hylo type. ‘The switch is in the 
lamp base and connects the regular 250 
volt filament when screwed into the socket, 
sy turning the lamp backward about '¢ 
turn, the large filament is disconnected and 
a 60 volt filament substituted. 


Additional generators at Waterside are 
started and synchronized with the first 
one, using a special synchronizing plug 
having a low voltage candelabra lamp 
mounted in it. In starting up with a tur- 
bine, it is impossible for the engineer to 
observe the speed with any accuracy, and 
as a low range frequeney indicator could 
not be obtained in the market, we devel- 
oped in our laboratory an indicator having 
a range from 5 to 30 cycles, 

It has been well said, that to do a thing 
well in an emergency, it should be done as 


often as possible before the emergency 
arises. ‘Therefore starting up drills are 
regularly practiced, and they are so ar- 
ranged that some of the apparatus and 
operating force in every sub-station is in- 
cluded in a drill at least once every month. 

In closing allow me to refer briefly to 

some data corrected to January I, 1907, 
on the commercial scope of the New York 
Edison Company. We have twenty-three 
sub-stations, with a battery capacity at the 
three-hour rate of gooo kw., and an aggre- 
gate capacity in converters, batteries and 
a few remaining direct current generators 
of 110,000 kw. 
' The total lengths of high and low ten- 
sion feeders and mains, all of which are 
underground, are: 183 miles of high ten- 
sion feeder; 37 miles with rubber insula- 
tion, installed previous to 1899, and 146 
miles with paper insulation, installed sub- 
sequently; 225 miles of low tension feed- 
ers; and 483 miles of mains. The maxi- 
mum load for 1906 was on December 17th, 
and amounted to 683,000 amperes, at 142 
volts, or 97,000 kw. at the D. C. bus. The 
total connected load in 16 candle-power 
equivalents, is 4.762,000, made up of 
2,243,000 incandescent lamps, 32,300 are 
lamps; 92,000 16 candle-power equivalents 
in miscellaneous uses, and 139.000 horse- 
power in motors. 

1 wish to refer especially to the very 
extensive use of clectric motors as shown 
by these figures; covering every class of 
service from the smallest to that of the 
greatest importance, as illustrated by the 
motor driven air compressors in the tunnel 
work under the North and East rivers for 
the Pennsylvania R. R. Co. There are two 
air compressing stations. The one on the 
East side of the City has compressors di- 
rectly connected to 500 kw. 250 volt direct 
current motors. ‘The compressors operate 
continuously, but supply air intermittantly 
as required by the work, the demand con- 
trolling the supply through automatic gov- 
ernors. The load is therefore a variable 
one and fluctuates irregularly between zero 
and full load. ‘The equipment in the West 
side station is similar, except that the 
compressors are driven by 3-phase 6600 
volt induction motors dircetly from our 
high tension system, 
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The D. C. motor has practically ab- 
sorbed the power distribution field, as the 
few remaining gas engines are rapidly dis- 
appearing and no new installations are 
being made. ‘The superiority of the Edi- 
son D, C. system is fully attested by the 
magnitude of the Company's business; the 
almost infinite variety of uses to which it 
is successfully put, and the reliability of 
service which can be secured under prin- 
ciples permitting the efficient use of means 
to that end. I refer to the use of storage 
batteries directly on the system, and the 
fact that with a network,-all mains are 
supplied from both ways and no section is 
dependent on any feeder or group of feed- 
ers. 

All districts of the City are connected 
together in one solid network. This adds 
immeasurably to the rigidity of the sys- 
tem, as illustrated by the fact that a 1,000.- 
000 ¢.m, feeder is occasionally burned off 
without attracting the attention of the 
operator, or in any way affecting the sys- 
tem. The sub-stations feed into the net- 
work through 1,000,000 c.m. feeders at 
such points as will give them their share 
of the load. The problem is to maintain 
constant and uniform pressure, which is 
met by having three bus voltages and 
transferring the feeders from one to the 
other as the changing load conditions re- 
quire. 


The application of the ID. C. system to 
electric elevator service has been of the 
greatest importance, both to the Company 
in the completeness with which it) can 
handle the entire service of large build- 
ings, and the use of a larger percentage of 
the total flour space it secures to the prop- 
erty owners, 


The substitution of Edison service for 
isolated plants is common also as a_ re- 
serve or “break-down” for such plants, 
and to supply night service, the plant oper- 
ating only during the day. 


The commercial position won for the 
New York Edison Company by years of 
enterprise, and liberal treatment of both 
engineering and commercial problems, is 
secure, and I believe you will agree that it 
is in the fullest and most comprehensive 
sense of the term, a Public Service Cor- 
poration. 


TRACTIVE POWER OF ELECTRIC 
LOCOMOTIVES 


The following is copied from the Rail- 
road Gazette of May loth: 

“On the afternoon of April 26, north- 
bound train No. 19 (Lake Shore Limited), 
consisting of nine heavy Pullman cars 
hauled by a Central-Atlantic type steam 
locomotive, was disabled and stopped in 
the tunnel on the 0.5 per cent, up-grade 
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Profile of Road from Grand Central Station to Mott Haven 


under 66th street, New York City (see 
profile). Following this train was a local 
train of seven standard day coaches hauled 
by one of the new electric locomotives. 
The electric locomotive, coupled on behind 
No. 19 and pulling its own train, started 
the entire load on the grade without assist- 
ance from the steam locomotive, which 
was dead. The 16 cars and two locomo- 
tives weighed approximately 1,000 tons. 
The electric locomotive started with good 
acceleration and pushed No. 19 north to 
125th street up the 1.02 per cent. grade 
one-half mile long from 72nd street to 83d 
street, without any difficulty and at good 
speed, 

Of the 477 trains now entering and 
leaving the Grand Central terminal, 135 
are New Haven trains handled by steam 
locomotives, and the remaining 342 trains 
are New York Central. Of the 342 trains, 
280 (equal to about 82 per cent.), are now 
handled electrically, and it is expected that 
the remaining 62 trains will also be han- 
dled electrically within the next week or 
two. The partial change to date has re- 
sulted in a marked improvement in the 
visual conditions in the Park avenue tun- 
nel,” 
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INTERNAL COMBUSTION ENGINES 
FOR AUTOMOBILE AND 
MARINE PURPOSES 


By H. S. BALDWIN 


The following paper refers to engines of 
constant volume, rather than those of 
constant pressure, as, for example, the 
Diesel or Brayton types. I say this, since 
all automobile and marine engines are built 
on the constant volume principle, and time 
will not permit of a discussion covering 
more than the subject of my talk. 


Historical and General 

It is always interesting to know the 
beginnings of things, so I will speak briefly 
of the early inventors and experimenters 
who devoted their time and thought to the 
subject of internal combustion engines; 
but before doing so, it would be well to 
define motors of this type as those in 
which fuel—usually in the form of an ex- 
plosive mixture of gasoline vapor and air, 
sometimes as a liquid—is drawn into a 
cylinder, where it is compressed and ig- 
nited, causing sudden expansion, or, as we 
say, explosion, the energy of which is con- 
verted into useful work by means of a 
sliding piston. In order to utilize this 
Straight-line motion so that it can be made 
to propel automobiles, power-boats, or 
shafting, it is necessary to change it into 
rotary motion, and this is done by means 
of the connecting rod and crank-shaft, ex- 
actly as in the case of the steam engine 
with which you are all familiar. 

It should be remarked in passing that all 
small gasoline engines are single-acting, it 
having been found impractical to pack the 
piston-rod, as in the double-acting steam 
engine, on account of the high temperature 
within the cylinder. A single-acting engine 
may be defined as one in which work is 
done on only one side of the piston. Ewen 
in the case of the single-acting gasoline 
motor, the problem of lubricating the pis- 
ton and cylinder walls is not a simple one, 
but it ts much facilitated by the cooling 
effect of the jacket water. Later in this 
paper, under the head of “Cylinder and 
Crank Arrangement,” I will say a few 
words regarding stationary gas engines for 
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large power units which, on account of 
their size, may be made double-acting. 

About 1678, one Abbe Hautefeuille con- 
ceived the idea of operating a motor by 
means of gunpowder. I have no record 
at hand to tell of the results of his experi- 
ments, but it is safe to say that they were 
not highly satisfactory, as the proposition 
of rapidly supplying solid explosive matter 
to a red-hot explosion chamber would nat- 
urally be a very serious one. VPerhaps the 
Abbe in the course of his tests became 
careless; “didn’t know it was loaded,” so 
to speak, and thus did not live to make 
any record of his work. 

From the above date down to 1861, many 
attempts were made to build motors of the 
internal combustion type, and while none 
was wholly successful, we must recognize 
the efforts of these early inventors as of 
great value in keeping alive and develop- 
ing the idea which we now see worked out 
in practical form in the modern gasoline 
motor. 


Four-Cycle Motor 

In 1861 a French engineer, by the name 
of Beau de Rochas, laid down the follow- 
ing fundamental principles on which ex- 
plosion engines should be designed, and, 
with the exception of the second proposi- 
tion, these are recognized as correct to- 
(lay, 

first. Maximum cylinder capacity with 
minimum circumferential surface. 

Second. Maximum piston speed. 

Third. Greatest possible expansion. 


Fourth, Maximum pressure at the be- 
ginning of expansion. 

The reasons against high piston speeds 
are practical limitations in the mechanical 
design of the engine, it having been found 
that a cylinder of great length gave awk- 
ward proportions, while the other alterna- 
tive—short stroke and high rotative speed 
—caused the moving parts to wear rapidly. 

Thus it was eau de Rochas who in- 
vented the four-cycle, or, more correctly. 
the four-stroke cycle gasoline engine of 
to-day. The word cycle is derived from 
the Greek word meaning cirele, and in 
this connection it refers to a complete 
series of events in the engine cylinder; 
namely, suction, compression, expansion, 
and exhaust, which require four piston 
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strokes or two complete revolutions of the 
crank-shaft. 

In a vertical cylinder engine the first 
downward stroke of the piston draws in an 
explosive mixture of gas; the return stroke 
compresses this charge, which is ignited 
when the piston has reached approximately 
the top of the cylinder; the second down- 
ward stroke is a working one caused by 
the expansion of the exploded gas, and the 
final stroke upward is the exhaust, and 
clears the cylinder of burned gas prepara- 
tory to a repetition of the cycle. 

While Beau de Rochas was the first to 
tell Aow all this should be done, it  re- 
mained for Dr. Abel Otto, a German sci- 
entist and mechanic, to construct the first 
practical four-stroke cycle engine, which he 
did in 1877; consequently it is not strange 
that we sometimes hear the term “Otto 
cycle” used to describe this type. 

Builders and users of four- stroke cycle 
engines invariably call them “four- cycle” 
motors, and this is the term we shall use 
hereafter. 

Two-Cycle Motor 

There is another type of explosion mo- 
tor, used largely to propel small power- 
boats. and which is receiving considerable 
attention in connection with automobile 
work, although at this date there are only 
two makers of prominence in the United 
States employing it. I refer to the two- 
stroke engine, or, as it is commonly known, 
the two-cycle engine. A patent was issued 
in England in 1838 to a William Barnett 
for a two-cycle engine, and to him is given 
the credit for first compressing the explo- 
sive mixture in a gas-engine cylinder be- 
fore igniting it. You will puke that Bar- 
nett worked twenty-three ‘ars before 
Beau de Rochas. From ae records I 
have available, it seems that Barnett did 
not perfect his motor and that the first 
practical two-cycle engine was made by 
Mr. Dugald Clerk in 1880. The Clerk en- 
gine gave a power stroke for every revolu- 
tion. which you will note is twice as many 
as in the case of the four-cycle engine. 
This result was accomplished in the fol- 
lowing manner: 

An auxiliary pump was operated by the 
crank-shaft, giving an initial pressure of 
four to six pounds to the gas charge, the 
object of which you will see immediately. 


The first downward stroke of the piston of 
the engine caused a partial vacuum to be 
formed. Now when the piston had nearly 
reached the end of its stroke, it uncovered 
a hole or port in the cylinder which al- 
lowed atmospheric air to rush in, after 
which a second port was uncovered and a 
charge of gas under pressure was injected 
into the cylinder, mixing with the air and 
forcing some of it out. All this for the 
first downward stroke. In ascending, the 
piston first covered the gas port, then the 
exhaust port, after which the charge—hav- 
ing no means of exit—was compressed un- 
til the piston reached approximately the 
top of the stroke, when it was ignited. 
While the upward stroke was taking place, 
the gas pump was at the same time suck- 
ing in a charge to be compressed during 
the following piston stroke, at the end of 
which it was injected into the cylinder. 
You will readily see that an engine of this 
kind has one working stroke for every 
revolution, 

Clerk's construction has been modified 
somewhat in mechanical detail in the pres- 
ent two-cvele engine, but its principle has 
been retained. Almost all two-cycle en- 
gines now built, either for marine or auto- 
mobile purposes, draw the vapor charge 
into the crank-case, where it is compressed 
by the downward stroke of the piston, thus 
doing away with the above-mentioned 
pump. 

There is another form of two-cycle en- 
gine, which is termed the “three-port” 
type. We call it the “three-port” type for 
the reason that an additional port is pro- 
vided in the cylinder wall for permitting 
the gasoline vapor to enter the crank- 
chamber. This port is closed and opened 
at definite times by the movement of the 
piston, which does away with the inlet 
valve ordinarily employed on two-cycle 
engines. 

Fuels 

It may seem strange that so many years 
were required to develop the internal com- 
bustion engine, but we must remember that 
the early explosives were of a solid nature, 
as, for example, gunpowder, and that these 
could not be put to practical use. 

Gas was made from coal by the Rev. 
Doctor Clayton in 1739. He called the 
porduct “spirit of coal,” and obtained it 
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by heating coal in a retort. Doctors Hales 
and Watson mention the properties of coal 
gas in treatises written by them at about 
this time. ‘The idea of using coal gas for 
purposes of illumination seems to have 
originated with Mr. William Murdoch, of 
Redruth, Cornwall, England, who in 1792 
made very complete apparatus for generat- 
ing gas. In 1798 Murdoch improved his 
methods and constructed a gas plant for 
the celebrated steam engine shop of Boul- 
ton & Watt at Soho. This was first pub- 
licly illuminated in 1802 and aroused the 
greatest enthusiasm. 

Naturally the discovery of a gascous fuel 
created new interest in internal combustion 
engines and much experimenting resulted, 
but it was not until crude oil and its pro- 
ducts of kerosene, gasoline, and benzine 
were available that the small power gas 
engine of practical form appeared. Petro- 
leum was discovered in England as early 
as 1847, and in America about 1854. As 
you all know, crude oil or petroleum is a 
natural product which is obtained in cer- 
tain parts of the world, principally in this 
country and in Russia, by drilling holes 
deep into the ground, Our greatest oil 
fields are in and near Pennsylvania, and in 
some of the Southern States. By heating 
crude oil in a retort or still, it is made to 
give off vapor, and the degree of tempera- 
ture regulates the kind of distillate or 
product. 

The following table is interesting and 
shows how little gasoline is obtained from 
petroleum, also all the separate products 
with’ the percentage of each: 


Per Cent. Specific 
Products. Fach. Gravity. 
Gasoline, 2 0.650 
Benzine.—naphtha, 10 0.700 
Kerosene, light, 10 0.730 
= medium 35 0800 
* heavy 10 0.890 
Lubricating oil, 10 0.905 
Cylinder oil, 5 0.915 
Vaseline, 2 0.925 
Residuum and loss 16 
100 


Practically all explosion engines of small 
power and many large ones derive their 
energy from some one of these oils, which 
are called hydrocarbons. 

Petroleum not only furnishes the fuel, 
but cylinder oil for lubricating the piston 


and cylinder walls. This is a heavy min- 
eral oil which will withstand high tem- 
peratures and yet retain its lubricating 
properties. Without evlinder oil the gaso- 
line engine would not be possible, so you 
will readily appreciate what an important 
event was the discovery of crude oil. 
Various other gases used in internal com- 
bustion engines are: 
Natural Gas, which is obtained directly 
from the earth in certain places. 
Acetylene Gas, liberated by the action 
of water on calcium carbide. 
Producer Gas, made by the limited action 
of air alone upon incandescent fuel. 
Water Gas, made by the action of steam 
alone upon incandescent fuel, and 
Semi-Water Gas, made by the action of 
both air and steam upon incandescent fuel. 
These are used in the large stationary 
engines, with the exception of acetylene 
gas. which, on account of its expense, ex- 
tremely disagreeable odor, and bulky form 
of the carbide, is not used at all now, al- 
though a few years ago some small motors 
were constructed for this purpose. 


Alcohol 

There is one other fuel to which I want 
to call your attention, and an important 
one it is. T refer to aleohol, which for sev- 
eral years has been receiving a great deal 
of attention throughout the civilized world 
with a view to making it more available 
for the manufacturing arts and especially 
for explosion engines. Last year Congress 
passed the Payne Free Alcohol Dill, signed 
by President Roosevelt June 7, 1906, which 
was intended to permit farmers to distil 
ethvl alcohol from decayed or refuse vege- 
lation, on the condition that it be “de- 
naturized” by the addition of a certain 
percentage of methyl or wood alcohol. Prof. 
Elihu Thomson was deeply interested in 
this bill, and the data and scientific facts 
which he presented before the committee 
of Congress without doubt had much to 
do with its passage. 

While the new law was a great achieve- 
ment and represented a distinct advance, 
it nevertheless imposed conditions on the 
would-be distiller which rendered it = im- 
possible to produce denaturized alcohol at 
a profit, and for this reason steps are now 
heing taken to strip the law of some of its 
cumbrous features and make it workable. 
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One of the defects was the explicit stipu- 
lation that a certain amount of wood al- 
cohol should be the denaturizing agent. It 
happens that the production of wood alco- 
hol is controlled by large combined inter- 
ests, such as the Standard Oil Company, 
and for this reason the farmer could not 
use it profitably to mix with his grain 
alcohol, Another serious obstacle was the 
requirement that all alcohol be placed in 
bondage storage. In Germany, where the 
internal tax was provisionally removed sev- 
eral years ago, they have a practical sys- 
tem which is somewhat as follows: There 
are government inspectors appointed to 
look after the manufacture of alcohol in a 
given district. When a farmer wishes to 
distil alcohol he sends for the inspector. 
who calls and inspects the retort and other 
apparatus, sealing the receptacle into 
which the alcohol flows from the. still. 
The farmer is then free to work his still 
whenever he wishes, until the sealed tank 
is filled. He must then call in the in- 
spector again, who sees that the alcohol is 
either immediately denaturized, or imposes 
the imperial tax if it is to remain pure. 
Some small fee is collected by the inspector 
for his services. ‘They employ a cheap de- 
naturizing agent, such as bone oil or the 
like, which adds little to the cost of the 
alcohol. 

As the subject of alcohol, in this con- 
nection, is a comparatively new one, IT will 
take the liberty to speak somewhat fully 
regarding it as a fuel for explosion engines, 
especially in comparison with gasoline. 

Taking gasoline as essentially Hexane 
C, H,, and assuming that the alcohol used 
contains 90% of pure C, H, O. it can be 
shown that nearly twice (1.94) as much 
alcohol as gasoline, by weight, is required 
to chemically unite with all the air taken 
into a given cylinder in one suction stroke. 

The heat of combustion of gasoline is 
19,000 B. T. U. per pound, and that of 
alcohol 10,000 B. T. U., or approximately 
one-half, which accounts for the above 
figures. 

Now alcohol (specific gravity 81), is 
heavier than gasoline so that the ratio 
1 to 1.94 reduced to terms of bulk becomes 
1 to 1.7. In other words, theoretically 1.7 
gallons of alcohol would be required for 
one gallon of gasoline in a given engine de- 


signed to use the latter fuel. There is a 
peculiar property of alcohol vapor which 
permits it to be compressed in the explo- 
sion chamber of an engine, without pre- 
ignition, to nearly double the pressure pos- 
sible with gasvline vapor. ‘The signifi- 
cance of this fact is clearly that when alco- 
hol is used in a specially designed engine, 
it has a thermodynamic advantage over 
gasoline, and an actual experiment, testi- 
fied to before the committee of Congress, 
showed that a motor which gave 1o B. H. 
P. with gasoline, gave 11.3 B. H. P. with 
alcohol fuel. without any change in the 
engine whatever. If these figures be cor- 
rect, the equivalent, in actual practice, 
of 1o gallons of gasoline would be 15.4 
gallons of alcohol, which would mean that 
we must have 1o-cent alcohol to compete 
with 15-cent gasoline when used in an 
automobile engine with no change. As all 
small engines are at present designed with 
compression spaces adapted to gasoline, it 
is very possible that Benzol C, H,, or some 
other chemical, may be added to alcohol 
so that its combustibility and thermodyna- 
mic characteristics may become more 
nearly those of gasoline, as far as engine 
output is concerned, as distinguished from 
potential energy, which would not be 
changed. 

I will cite a recent comparative test 
made to show the thermal efficiency of 
each fuel when used in an engine especially 
designed for it: 

Highest thermal brake efficiency, al- 
cohol 31.5% 
Highest thermal brake efficiency, gaso- 
line 23%. 
On this basis the equivalent of to gallons 
of gasoline is 12.4 gallons of alcohol. So 
if gasoline sells for 15 cents per gallon, 
alcohol must sell for 12 cents in order to 
compete with it in point of cost. 

Alcohol is now being manufactured in 
Cuba for 10 cents per gallon, and United 
States Agricultural Department — experi- 
ments have demonstrated that it can be 
produced from corn-cobs at three cents per 
gallon; this, however, is a remarkably low 
figure, and a price of 12 cents probably 
more nearly approaches the actual cost per 
gallon, but it cannot be long before its sell- 
ing price will be down to that of gasoline 
or below it. 
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L, = V (0.0878 — 0.056)? = 0.0182 


If the transmission line is 150 miles long, 
operates at 25 cycles, and carries g6 am- 
peres, we get — 

| 25x 0.0182 


the induced E.M.F. = 27 10° x 96 


= .2748 volts per mile. 
or 150 & 0.2748 = 41.2 volts. 


It is evident from the above that the 
induced E. M. F, depends largely upon the 
actual position of the two telephone lines 
in reference to the power lines. 

It is an advantage to have the plane of 
the two telephone lines parallel to ground, 
since then the difference of the two dis- 
tances between any main line conductor 
and the telephone conductors is a mini- 
mum. It is undesirable to have the plane 
of the telephone line at right angle to the 
ground. Furthermore, the greater the dis- 
tance between the telephone lines, the 
larger is the inductance. 

Thus, the worst condition is to have one 
telephone conductor only, and to use the 
ground as return, since this condition in- 
troduces both undesirable elements. 

As is seen, the induced E.M.I. is propor- 
tional to the current, thus if the phenom- 
ena is prominent, the difficulties in com- 
municating should increase with the cur- 
rent and be, perhaps, specially prominent 
with rapidly charging currents, Transpos- 
ing the three wires will overcome this 
trouble. 

When ground is used as the return con- 
ductor, there is, of course, no possibility 
of transposing the wires. 


Instance (b) Three insulated power wires, telephone 
line strung on the same pole line, but having one 
metallic conductor only, the other conductor being 


ground. 


We then have, assuming E to be ground, 
the inductance in m. h. per mile of trans- 
mission between D and ground caused by 
the current in A:— 


= 322 he da, $22 in 2a, 
ne || ee, MS | a | 
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In a similar way :— 


322 2b 

Le: = | 7 
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The resultant is :— 


Ly = Vo [Ly—Y (Lat Lec) ?-+ (Lea — Lee)" 


a, = 10.5 fit. = 126 in. 


a, = 30) ft. = 360 in. 
b,= 16 ft. = 192 in. 
b, = 36 ft. = 432 in. 
c¢, = 10.5 ft. = 126 in, 


= 30. Tt = fem. 


& 
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Fig. 2. 


Substituting in the above equation we 
get :— 


ai | 720 
1 = BY i K61E 
a= 10? aa. oe 
a 
ee, ee rer 
~~ an * pag 
te sit 
; 322 1OF tug . 
vie » -—fa Ot x 
tl Lu x OAD nee 


and L, = O.0T¢ 


In the transmission discussed in the last 
instance, the induced voltage would there- 
fore be 174 volts, Obviously if the trans- 
mission lines had been properly transposed, 
this voltage would not have been found. 

With one transmission line accidentally 
grounded, but the other two perfectly in- 
sulated, there should be no change in the 
inductive effect, since the currents and 
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their phase relation are not disturbed (neg- 
lecting the charging current). 

If, however, the ground is used as one 
of the main conductors, (as will be the 
case when operating with a grounded Y 
system and one of the main lines is acci- 
dentally cut out) difficulties arise, The 
circuits are then illustrated in Fig 3. 
where conductor BK is assumed as ground. 

The telephone lines are between the main 
lines, and the flux caused by B is com- 
bined with the other fluxes in opposite 
direction, thus the resultant :— 


Dr 8 | Lp + ¥O(Leat Lec) [+ M (Lea Lec)” 

In this case transposition does not help 

matters, since one wire—the ground—is 
not transposed. 


Under this condition the expressions for 
L,, Lb and L, are respectively :— 


_ $22 a, 
la = 10° "ly a, 
322 c, 
tae 10° “lg C, 
322 / 4b, 4b, 
and Ly = Ww ("Is Pes "lg “3 
_ 822 a] b, 
1wW* b 


Instance (c). Ground used as main line conductor. 
The telephone lines are not grounded. 


a, = 126 in. 
a, = 150 in. 
c¢, = 126 in. 
c¢, = 150 in. 
by SS - 290-30. 
b,. == 216 mm. 


We have then :— 


Io 150 
L. = 8 8 126 
= a O.434 
150 
32% te 
L. = - x 1B 15g 
O.4354 
“log 240 
nn Me C 
40" 0.434 


and L, = 0.0899 


And for the transmission given in pre- 
vious instance the voltage induced in the 
telephone line would be 199 volts. 

If in addition the telephone circuit had 
only one single .conductor and the earth 
was used for return for one of the main 
conductors, we would have the following. 


fo F 10 


GOUT USES 25 ONG 
Maur and Qne 
Telephone Conductor 


Fig. 4. 


A three-phase transmission line using two 
conductors only and the ground as_ the 
third, and a single metallic conductor tele- 
phone line with ground return — what 
would be the induced voltage? 


322 2a 
= Oe . 
La lt , Ig a, 
322 2c 
= fn . 
Tre 1 Ig 6 
$22 th 
== o — 0 
Li 10° lg d ) as long as 


4b, = d, which is the case, since d is the 
diameter of the “ground”, which is very 
large compared with any of the other dis- 
tances. Applying these equations to the 
same practical instance we get :— 


30 


and L, = 


322 


1 


| Oe —— 


mw 
z 


0.434 
ie 720 
log 126 


0.4354 


GENER: 
in. 
in. 
in, 
in. 


= O4615 


= 0.5015 


AL, 


and L, = 0.56, which gives an induced vol- 
tage of 1268 volts. 

This condition is therefore the worst. 
and no transposing will help matters. 


B. ELECTROSTATIC EFFECTS 


It was shown in connection with the dis- 
cussion of corona effects, that the poten- 
tial E,, a given distance from a conductor 
at potential E, could be expressed as 


E, = E 
| 
sy 
where R is the distance from the con- 
ductor to ground potential, 


r is the radius of the conductor. 

E. is the potential to ground. 

E, is the potential above ground 
at a distance x from the conductor. 


Referring now to Fig. 1. using the same 
notations as previously, and denoting the 
distance of the three wires to ground as 
R,, Ry. R,, respectively, we then get for con- 
ductor D: 


"ly 
Voltage due to A = E = 
aly 


Voltage due to B = E ‘ = E, 


Voltage due toC = E 
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Again these voltages are 120° apart, thus 
the resultant voltage above ground for 
LD is:— 


Ea = V [Eo—% (Eat E}'+% (Ea— EF)? 


In a similar manner the resultant voltage 
of E from ground is found by substituting 
a,, b,. c,. instead of a,. b,, ¢). 

It is evident from this that static voltage 
is much dependent upon the size of the 
main conductors, the larger the wire the 
higher charge on the telephone wires. 


Instance (¢). Transmission lines not grounded. Met- 
allic telephone circuit, and voltage between the lines 
60,000. Size of line conductor No, 000 B & S, 
d = 0.41. 


We have then :— 


lox 30° 
B= BOO 8 125 or 
ee ee ea 
8 G25 
1 360 
> 
= 80N00 "8 5 iis 
<= . = + 
fs 360) 
Vv 3 low . _ 
O.205 
1 432 
iE, — N00 °8 92 ae 
aS a2" 


log 


O25 
therefore Ky = y (3650 —4920)? = 1240 volts, 


The voltage induced statically on FE is 
found in a similar way. 


, S60 

y 

GODO0 °B 150 oa 
Ek, = x oe a 4058 
“a A/ 3 Bing 


log 


Ovad 


oo0 


AO log 150 


EK. = x a == 4058 
V3 — BHU 
8 0205 
, 432 
: HOO Of "1h 
and Ey = ay = 3138 
v3 452 
log 


205 


and Ey, = #20 volts. 
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Now assume that a telephone circuit of 
one metallic conductor is used, and that 
ground is used as the other, as in instance 
(b) in the previous discussion. 

It is evident then from reasoning and 
equations, that the potential on the metal- 
lic conductor is not changed, but the other 
—the ground—remains, of course, at zero 
or ground potential, 

Assume next, aS in previous instance (ch, 
that the telephone circuit consists of two 
metallic conductors, but that one of the 
main power lines—I—is grounded. 


We have then E, and E, are 4/3 times 
the values given in instance (e), since the 
voltage between ground A amd Bois now 
the full line voltage. The voltage due to 
I is. of course, zero, since TP is at zero 
potential, We get therefore as resultant 
potential on 1):— 


EK, = \ —{¥ 3x 4010)? = S500 volts 


and E, = 7010 volts 


an enormous poteatial when considering 
the telephone lines. ‘ 

(in account of static and comductive ef- 
fects we must therefore expect the great- 
est trouble with the telephone installation 
when ground is used as one of the three 
lines in a three-phase system. 

Transposition does not help matters as 
far as static stresses are concerned. The 
voltage all along the line may not then be 
the same, but at any point it will be the 
resultant of the static stresses due to the 
three main conductors. 

The telephone line is therefore always 
likely to have some static voltage, which 
in case of very high voltage transmissions 
and relatively short distance between the 
telephone lines and main lines, might be 
considerable. 

The danger from such static stresses 
might be great in a long line, se that it is 
desirable that the operator should stand on 
a very well insulated platform, but even 
then an unpleasant shock may be had. 
caused by the charging current of the per- 
son. 

Ry using a telephone transformer and 
grounding the neutral of the secondary 
winding. considerable protection is offered, 
however. 


SOME SELECTIVE CEILING DIF- 
FUSER SYSTEM INSTALLATIONS 


By LYMAN CLARK 


When the concentric diffuser was first 
introduced, the merchants and manufac- 
turers of New York responded very 
promptly, with the result that there are 
now about fifty-five hundred of them = in- 
stalled. 

It was very natural, therefore, that the 
Selective Ceiling Diffuser System should 
receive a like consideration and that the 
demand and its introduction should be 
simultaneous. 


Fig.l. Fraas and Miller's Store by Day Light 


Owing to certain details of building con- 
struction, as well as the first cost of this 
system, it necessarily requires considerable 
investigation on the part of the purchaser 
before he can bring himself to adopt a 
means of illumination which differs so 
radically from the plain are lamp that he 
has been so accustomed to, 

The New York Office has been for- 
tunate in securing installations of the Se- 
lective Diffuser System in buildings em- 
bodyving nearly all classes of construction; 
from wood frames with metal ceilings. to 
stecl frames with plaster ceilings. They 
have also made installations having pecu- 
liar electrical features. such, for example, 
as the following: The Myers Store at 
Albany. which is superbly illuminated on 
three phase, thirty-eight cycle current; 
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the Tide Guarantee & ‘Trust Company, of 
New York, which has a recessed design on 
a plaster ceiling; the Bedell Company, of 
New York, where is installed an elab- 
orate design in a metal ceiling, made es- 
pecially for them and in harmony with the 
are lamp equipment. 


In addition to these, 


Ga 


Pig. 2. Praas and Miller's Store 
Lighted by Selective Ceiling Diffuser System 


the temporary Grand Central Station has 
installed the system on a brick arched ccil- 
ing, plastering flush around the diffusing 
lamps, the latter being of a special twin 
carbon type, the carbons burning in multi- 
ple on 110 volts continuous current at five 
ainperes each. 

One of the latest and best installations 


Fig.3. Diagram Fraas and Miller's Store showing 
arrangement of Ceiling Diffusers 


is in the furniture store of Fraas & Miller. 
Brooklyn, New York. These people were 
so impressed with the installations they 
had visited that they were willing to go 
to an expense to which few merchants 


would have gone, in order to secure the 
best possible lighting results. They did 
not own their building and had only a lease 
for ten years, yet, with permission of the 
owner, the architect was instructed to alter 
the framework to accommodate the ceiling 
lamps of the recessed design. The ex- 
pense for this, together with the lamp 
equipment and cost of installing, was 
borne by Fraas & Miller. 

A plan of the first floor is shown, to- 
gether with illustrations of the store both 
in daytime and at night. The ceiling is 
sixtcen feet from the floor, the area 9975 
feet, and the energy consumed practically 
1.15 watts per square foot, At the left of 
the elevator on each floor are installed 
carbon break push button switches, which 
control G. Ei. automatic switches on the 
panel beard. “This affords the salesman 
an opportunity, when taking a customer 
through the store. to illuminate the entire 
floor immediately upon leaving the ele- 
vator, 


WONDERFUL RECORD ENDS 

United States Smelter Stops Generator After Five 
: Years’ Operation* 

An electric generator installed in the 
United States Smelter at the first of the 
vear 1902 by the General Electric Company 
has been stopped after running continu- 
ously since that time. The machine which 
made this wonderful record has been run- 
ning 24 hours a day for five years without 
a stop for any cause whatever, and is to- 
day in just as good shape as it was when 
put in over 43.800 hours ago, It has need- 
ed no repairs and needs none now. It is 
the regular type of 200 horsepower gener- 
ator, and was one of the first pieces of 
machinery installed when the smelter was 
being equipped. During its phenomenal 
run it has supplied the entire smelter with 
power. It was stopped because it is to be 
replaced by a 750 horsepower generator 
of the latest General Electric Curtis steam 
turbine. The new machine will take hard- 
ly one-fourth the space of the old type 
of generator and is noted for the lack of 
vibration found during operation, It is 
claimed that a dollar can be balanced upon 
the machine while it is running a smelter 
or any big plant. 


*From “Deseret News", Aprils, 1907 
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THE NEW PHILADELPHIA OFFICES AND WAREHOUSE 


The present building which has been 
occupied by the Philadelphia Ofhce of the 
General Electric Co. for the past seven 
years is located at 218-22f South Eleventh 
Street. These quarters comprise five floors 
and basement and contain approximately 
31000 square feet, of which about 7000 
have been used for offices, and the remain- 
ing 24000 for repair shop, stock rooms, ete, 
In addition abot S000 square feet has 
been occupied in a separate warchouse very 
inconveniently located some four miles 
distant. 

The new offices, which are about ready 
for occupaney, are in’ the Witherspoon 
Building, a modern office building located 
at the corner of Juniper and Walnut 
Streets. within five minutes’ walk of either 
the Pennsylvania or Reading Rail Road 
Stations, and in the best business section 
of the city. The offices will occupy about 
y100 square feet. or the cleventh floor, 
which has been rearranged to suit the re- 
(quirements, 

There will be eleven private offices. one 
large room (containing over 5000 square 
feet), and two separate rooms for the 
stenographers, The large room referred to 
will be lighted by a combination of are and 


Witherspoon Building, Philadelphia 


incandescent lights, especially designed by 
Nisa WA, tha; ee a 
Warehouse 


For the special purposes of the General 
Electric Co., a five story and basement 


reinforced concrete building is being 
ereeted at 1223-1233 Washington Ave, for 
wecupancy about September first. This 
Duilding is dircetly on the Pennsylvania 


gxla-T 


New Philadelphia Warehouse of General Electric Co. 


Railroad System, being connected thereto 
by a siding. Incoming shipment will be 
received direetly on this siding, where cars 
will also be placed daily for outgoing con- 
signments. 

The building will be 120° feet on 
Washington Avenue, by 75 feet deep 
to the rear street. Excellent facilities 
in the way of clevators, hoists, over- 
head track, ete., will be furnished to afford 
the quickest and most economical handling 
of the work. A) sprinkler system will be 
installed which, with the reinforced con- 
crete construction, will minimize the in- 
surance rate, 

Each floor Will contain approximately 
Hoo square feet, the total floor space 
being G6000 square feet, an increase of 175 
per cent over the present shop and storage 
quarters. The principal floors will be 
used for storage purposes, with the excep- 
tion of the second, which will be devoted 
entirely to repair shop purposes, and the 
machine tool equipment here installed will 
be in accordance with the most modern 
practice of direct motor drive. 
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NOTES 


Mr. F. M. Denton, who entered the 
Power and Mining Department from the 
Pittsheld Works of the Stanley Co, in 
January, has accepted a position at the 
Carnegie ‘Technical School at Pittsburg. 
He will instruct the third vear students in 
the subject of Alternating Currents. 


* + * 


Mr. Fellenberg, who for a number of 
years has had charge of the Switchboard 
Manufacturing Dept. of the A. E. G., re- 
cently paid a visit to the Schenectady 
Works. He is making an extended trip in 
this country for the purpose of studying 
high tension transmission systems. 


& * 


Mr, A. L. Rohrer has recently returned 
after a month’s absence devoted to an ex- 
tended trip among the Western universi- 
ties and colleges in behalf of the Testing 
Dept. 

The following institutions were visited, 
and as a result, the Testing Dept. will 
shortly receive graduates from each: Univ. 
of Missouri, Univ. of Arkansas, Oklahoma 
Mechanical College, Univ. of Kansas, Univ. 
of Nebraska, Univ. of Colorado, Univ. of 
Utah, Univ. of California, Leland Stanford 
University. Univ. of Oregon, Oregon Me- 
chanical College, Univ. of Washington, 
Washington Mechanical College, Univ. of 
Idaho, Univ. of Montana, Univ. of Minne- 
sota, Univ. of Wisconsin. This is the sec- 
ond trip of the kind that Mr. Rohrer has 
made, the former one having been among 
the colleges of the Middle Western States. 
With the exception of four, none of the 
above institutions have been called upon 
before. 

Mr. Rohrer states that as a result of the 
prosperous business conditions, there is a 
great demand for college graduates at the 
present time in all parts of the country. 


*+ * &* 


Mr. A. S. Loizeau has resigned from 
the Railway Engineering Dept. to take 
the position of First Assistant to Mr. Phil- 
lip Torchio, Chief Electrical Engineer of 
the New York Edison Co, In his new po- 
sition, Mr. Loizeau will confine his atten- 
tion largely to construction work. 


Within the past few days we have had 
the pleasure ef a visit from Dr. E. Rosen- 
berg of Berlin, who is well known as the 
inventor of a new D.C, generator that gives 
a constant potential at widely varying 
speed, and a constant output with a droop- 
ing characteristic. 

The first of these features makes the ma- 
chine peculiarly adapted for train lighting, 
and the second for use with searchlight 
projectors, arc welding and gasolene elec- 
tric motor cars, 

Dr. Rosenberg has been associated with 
the A. E. G. for a number of years. 

* * * 


The results obtained by Mr. Mathes of 
the Union Electric Co. of Dubuque, during 
his recent elaborate display of electrical 
devices, and lectures on cooking by elec- 
tricity, were such as to greatly encourage 
other Central Station men to inaugurate 
similar educational exhibitions. 

The affair was held under the auspices 
of the Women’s Club, and while nothing 
was offered for sale, it being a purely edu- 
cational project, the attendance, by actual 
register, was nearly 7000 for the ten days 
that it continued. This means that prac- 
tically everyone who was likely to be in- 
terested in matters of this kind was pres- 
ent and was shown the convenience and 
economy of household electrical devices. 

There is no question that through the 
Woman's Clubs Central Station men can 
advertise current-consuming devices to ex- 
cellent advantage. 


We have received word as we are going 
to press of the death of Mr. W. B. Kirk- 
patrick, who has been in charge of the 
Mill and Power Department of the New 
York Office. 

He has been associated with the New 
York force since May, 1906, at which time 
he was transferred from the Power and 
Mining Department of the Schenectady 
Works. 

Mr. Wirkpatrick was an excellent  en- 
gineer and salesman. He was sound in 
his judgment and had the confidence of 
his customers and = associates, who re- 
garded him as one of the best and most 
promising commercial engineers in the 
organization, 


* 
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SCHENECTADY BRANCH AMERICAN INSTITUTE 
ELECTRICAL ENGINEERS 


Meetings of the Month 

The first meeting in May was held at 
the Schenectady High School upon Thurs- 
day the 2nd, the subjects of the evening 
bemg “Electric Ploists in’ Mines’. 9 Mr. 
\. A, Pauly, of the Power & Mining Dept. 
of the General Electric Company, read the 
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Qn May oth, Mr. C. E. Eveleth spoke 
upon "The Mlectrification of the West Jer- 
sev & Seashore R, Ro” His talk was illus- 
trated by about 75 lantern slides, and em- 
braced the following subjects: 

Description of location and trafie con- 
thtions of the various branches of the West 


Seem ee Hemet Ht Etertee ns Bagmerns 


Thee Fete! 
“where 6 


TREHNICAL | IN, 
= — 


Se 
ALL ARE INVI1 wo 


a ed 
nent ree eee 


SCHENECTADY 


BRANCH 


Notices of the Year's Meetings 


first paper, and Mr. Eugene Eichel the 
second. Mr. Pauly’s paper was devoted 
particularly to American practice and was 
ilustrated by numerous photographs of 
installations in this country, together with 
valuable operating curves, Mr. Eichel’s 
contribution discussed the foreign prac- 
tice, and was also fully illustrated; the 
first portion of his paper appears in another 
part of this issue of the Review. 


Jersey & Seashore R. R. Co.; requirements 
of service, and a review of the speed oper- 
ation on the electrified division: specific 
description of line electrified, and causes 
leading up to the electrification. 

Next followed a discussion of the gen- 
eral outline of the commercial engineering 
aml construction organization, with their 
division of responsibility. The problem 
of electrification was then taken up in de- 
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tail, Mr. Eveleth giving a description of 
the work to be accomplished, as follows: 
The installation of three 2000 kw. Curtis 
turbines with auxiliary apparatus, build- 
ings, etc. The installation of seven sub- 
stations, 68 car equipments to be provided, 
145 miles of third rail, and 160 miles of 
track to be bonded, (the drilling required 
for bonding these tracks being equivalent 
to boring a 1 in. hole through three miles 
of solid steel, giving some idea of the 
magnitude of the undertaking). Seventy 
miles of duplicate three-phase transmission 
line. All to be finished within six months. 

A general description was given of the 
method of predicting the rate at which 
work must be accomplished to have the 
entire undertaking completed in six months. 
About sixty curves showing the rate of 
progress were plotted before any con- 
stuction was begun, and then the progress 
of work kept up as nearly as possible to 
the predetermined rate. ‘These curves cov- 
ered all such items as foundations for 
buildings, walls, roofs, flooring, installa- 
tion of apparatus, installation of transmis- 
sion line, track bonding, third rail bond- 
ing. etc. 

Lantern slides were then thrown on the 
screen and various reminiscences of inci- 
dents occurring duing construction were 
recounted. 

On May 16, Prof. Elihu ‘Thomson de- 
livered a lecture upon “The Panama Canal”, 
which was copiously illustrated with lan- 
tern slides made from his private collection 
of photographs taken during his recent 
trip to the Zone. 

The attendance at this lecture was very 
large, every seat in the High School being 
occupied and many of the audience being 
compelled to stand. 

May 23rd was the last meeting of the 
year and was devoted to business matters, 
followed by a smoker, ‘This was held at 
Odd Fellows’ Hall, and closed one of the 
most successful seasons ever experienced 
by an Institute branch. 


The Year’s Work 


During the year there have been held a 
total of 33 meetings, at which were pre- 
sented 25 original papers, many by noted 
engineers not connected with the Branch. 


The membership has been increased from 
a total of less than 200 in the fall of 1906 
to over goo at the present time. 

At a preliminary smoker held in Septem- 
ber of last year, plans were laid for the 
season 1906-7, and it was decided to main- 
tain a course of weekly lectures for the 
benefit of the members and associates of 
the Institute residing in and near Schenec- 
tady and to others who wished to affiliate 
with the Branch by the payment of nom- 
inal dues to defray current expenses, <A 
four-page prospectus was issued outlining 
the aims of the association and giving a 
partial list of speakers who had signified 
their willingness to address the meetings. 
All members and associates of the Ameri- 
can Institute of Electrical Engineers were, 
of course, members of the Branch, but to 
those not members or associates all the 
privileges of the Branch were extended for 
an annual fee of $2.00. A special student 
membership for men in the testing depart- 
ments of the General Electric and Ameri- 
can Locomotive Companies, students at 
Union College, Rensselaer Polytechnic In- 
stitute, ete., was also started, for which 
the dues were $1.00 per year. There was 
no initiation fee for any class of member- 
ship. A Membership Committee was ap- 
pointed, consisting of 16 men, and an ener- 
getic campaign undertaken to interest non- 
members of the Institute in the work of the 
Branch. ‘The result was so satisfactory 
that the Treasurer's report shows returns 
of 397 full members at $2.00 each and 347 
special members at $1.00 each, a total of 
$1141.00 received from dues during the 
year. 

The immediate effect of the increased 
activity in Institute work was to bring 
into membership with the national body 
a large number of new associates, and 
whereas the July membership list of the 
Institute for 1906 shows but 132 names 
under Schenectady, the present member- 
ship is approximately ior, with a large 
number of applications still to be acted 
upon. It is expected that next year there 
will be a still further increase in member- 
ship to the national body from those who 
have been interested in the Branch work 
this year, and who will prefer to become 
associates rather than remain — simply 
Section members in) 1go07-1908. 
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The first two or three mectings of the 
year were opened to all who desired to at- 
tend, and the interest was so great that 
the High School auditorium, where the 
lectures were held, and which seats ap- 
proximately yoo, was often taxed to its full 
capacity. After the first few lectures, how- 
ever, admission was by ticket only. but 
members could obtain tickets for their 
friends without difficulty from any of the 
Membership Committee. ‘These tickets to 


Stillwell and [utnam, read on January 
25th, was opened by Mr, Potter at the 
Branch meeting of February 7th, and was 
participated in’ by Messrs. Fortenbaugh. 
Slichter. Eveleth and Dodd, of the General 
Klectric Company, and Mr. William) Dal- 
ton of the American Locomotive Company. 
There were 25 original papers presented 
oa wide range of subjects during the 
year, and four evenings were devoted to 
topical discussions or debates on subjects 


Newspaper Notices 


be valid had to contain the name and ad- 
dress of the holder, and in this way the 
Membership Committee obtained a list. of 
those interested and secured a large num- 
ber of new members. 

During the year, four evenings were set 
aside for the discussion of papers read in 
New York, the papers in general being 
abstracted by some local authority. For 
example, the discussion of the paper on 
“The Substitution of the Electric Moter 
jor the Steam Locomotive,” hy Messrs. 


of general interest, at which many valuable 
original contributions were presented. 
Although the closing vear has been one 
of extreme activity from an educational 
standpoint, the  secial features have 
vot been overlooked, and besides — the 
informal smoker held at the commence- 
ment of the year, when the season's work 
was laid out, there have been two enter- 
tainments, which a large percentage of the 
total membership has attended and which, 
from all indications, were highly enjoyed. 
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‘The expense of these smokers was borne “The Electric Arc Lamp”; M: 
entirely by the Branch, no additional as- W. Larson, “Mine Locomotiv: 
sessment of any kind being made on the ing”; April 4, “Lightning Prot: 
members. cussion of papers read in New ‘ 
The complete programme for the season 2oth), Messrs. Steinmetz, 
just closed was as follows: Creighton and Dubois; April 
October 5, ‘I. C. Martin, “Technical Hill, “Multiple Unit Contro! 
Journalism”; October 12, FE. G. Acheson, Motors ; April 25, K. J. Berg. 
“Inventions and Discoveries”; October 20, of Cables and Magnetic Condi 
Rk. W. Raymond, “Professional Ethics”; 2. lwo papers on “Electric 
October 27, topical discussion ‘“Thury Mines”, one by K. A. Pauly, au 
System”, Messrs. Taylor, Eveleth, Noeg- by Eugene Eichel; May 9, C. 
gerath and Wilkinson; November 2, S. A. “Electrification of the West}. 
Moss, “Gas Turbines”; November 9, Top- shore Railroad”; May 16, Ili) 
ical discussion “Municipal Ownership”, A. ‘Panama Canal”; May 23. > 
B. Lawrence, A. V. Thompson and others; business meeting, — 
November 16, W. S. Franklin, “The Sec- _ The annual business meet) 
ond Law of Thermo Dynamies;" Novem- tion of officers was held duriny 
ber 23, F. O. Blackwell, “Hydro-Electric of May 23rd. A large num, 
Developments”; November 30, W. S. An- officers were re-clected, the 
drews, “Pioneer Work in Electric Light- as follows: Honorary chai 
ing”; December 8, C. P. Steinmetz, “Trans- Steinmetz; chairman, 1D. 1. ky 
formation of Electric Power into Light”, chairmen, E. H. Anderson. 
(Discussion of his paper read in New strong, E. A. Baldwin, E. be | 
York Nov. 23); December 15, Topical dis- William Dalton, G. H. Hill 
cussion, “Metric System”; December 22, ram, A. L.. Rohrer, C. W. 
V. G. Converse, “Ontario Power Co.”; sponding secretary, W. ©. 
January 5, E. E. F. Creighton, “Lightning cording secretary, J. M. Kn 
Protection”, (Discussion of R. P. Jack- A. S. Kappella; librarian, 1! 
son’s paper read in New York December A summary of the Treasury: 
28; January 12, E. J. Berg, “Parallel Oper- the year, presented at this 1 
ation of Alternators”; January 19, Topical follows: 
discussion, “Industrial Setterment”. Balance on hand May, roo 
Messrs. Steinmetz. Cravens, Hewett, Me- Dues collected from menber- 
Millan, Crane, and Maxwell; January 24. 
Maxwell Day, “Centrifugal Fans”, and Total receipts ..........-. 
H. B. Emerson, “Motor Drive for Metal Cost of meetings, including 
and Wood Working Machinery”; January opticon, report, announces 
31, E. J. Berg, “Abnormal Voltages and cuts for newspaper a?! 
Currents in Transmission Lines”; Feb. 7, membership cards, postaye 
Discussion, “Electrification of Steam Rail- tor’s service at High Schow 
roads”, (paper read in New York by entertainments ........-- 
Messrs. Stillwell and Putnam January 25), Expenses of sending delega! 
Messrs. Potter, Fortenbaugh, Slighter, New York to attend In- 
Eveleth, Dodd and Dalton: Feb. 14, W. Meetings ......ceesees : 
L.. Merrill, “Electricity in a Paper Mill”; Contributions to Schenectacs 
February 21, C. W. Stone, “A Comparison lic Library .......05+-- 
of the Different Systems of Electric Light- 
ing”, and F. FL Barbour, “Qualifications Total «> scad. shawn 
and Duties of an Electrical Apparatus Balance on Tland.....----- 
Salesman”; February 28, W. S. Moody. Two items of the Treasu 
“Design of Transformers’: March 8, worthy of notice. One ts 
Smoker in Odd Fellows’ Hall; March 14, to the Schenectady Pullie 
S. D. Sprong, “System of the New York Institute Branch recetver a 
Edison Co.”; March 21, Richard Fleming, ago, a number of books 
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from the General Electric Engineering So- 
ciety through the affiliation of that society 
with the Branch, and these books are main- 
tained in special bookcases at the Public 
Library. $37.50 of the annual donation of 
the Branch is devoted to the purchase of 
new books to increase this collection, $12.50 
being taken as a fee for maintaining the 
books in good condition and other librarian 
services. The selection of books is in the 
hands of a special committee. 

In order to stimulate interest in’ the 
topical discussions as well as the other 
work of the Branch. delegates were ap- 
pointed during the vear and their expenses 
paid to New York to attend the regular 
meeting of the national body. ‘There was 
the added advantage in this system of 
bringing non-members of the national body, 
who alone were eligible to receive the free 
trips, in contact with the New York mem- 
bers and create a desire to join the Insti- 
tute, 
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This section is open to inquiries upon engineer- 
ing subjects, The questions will be submitted to 
the respective departments and such as are of gen- 
eral interest will be answered in this column, while 
those of less importance will be answered by letter. 


©. If a three phase transformer were 
loaded with equal KVA on cach phase, but 
with power factors of 7o0-85-1co per cent 
respectively on the phases, how would the 
regulation be affected? 

A. The regulation would be approxi- 
mately the same as though each phase had 
a power factor of &5 per cent, which is the 
average power factor of the three phases. 

C.E.A, 
* * * 
Q. How is the regulation of a trans- 


~ 
former affected by an overload? 
A. The regulation is increased approxi- 
mately in direct proportion to the load. 
C.E.A. 


* * * 


©. How does the core loss of a con- 
stant potential transformer vary by the use 
of different taps in the winding? 

A. The core loss remains constant when 
the impressed voltage across the taps is 


reduced so that the same voltage is ob- 
tained across the secondary terminal. On 
the other hand, if the impressed voltage is 
kept constant for all taps, then the sec- 
ondary yoltage is increased, and the core 
loss will be increased approximately 1.8 
per cent for each per cent in increase in 
secondary voltage. 
C.E.A. 


* * * 


©. If an unbalanced three wire distri- 
bution system is used, where separate 
transformers are used on each side of the 
neutral, is there any danger of injuring 
the transformers? 

A. There is danger of burning out some 
of the transformers on the side of the svs- 
tem containing the smaller capacitv. when 
the transformers on the other side are 
loaded. For instance, to take an exagger- 
ated example, suppose a 50 kw. trans- 
former to be connected on one side of a 
system, and one of 5 kw. capacity on the 
other, the 50 kw. being loaded. In. this 
case the entire 50 kw. current would be 
passing through the smaller transformer 
and a burn-out would probably result. 

C.E.A, 


©. Under what conditions of feeder 
service should the IR or BR regulators be 
recommended ? 

A. In the induction regulator, the mov- 
ing element consists of a comparatively 
heavy armature, and therefore has quite an 
appreciable inertia. Its time element does 
not well adapt it to feeders that are sub- 
jected to sudden and wide variations. Its 
operation is extremely satisfactory — on 
lighting feeders, where the load builds up 
gradually, or on feeders controlling both 


lighting and motor loads, provided the mo- 
tors are not of sufficient capacity to cause 
extreme and sudden variations in voltage. 


The moving clement of the BR regula- 
tor consists principally of very light copper 
segments no heavier than the commutator 
on a small motor. It therefore has very 
little inertia, and can be revolved through 
its entire range in a few seconds. The 
BR regulator is therefore admirably adapt- 
ed to feeders carrying rapidly fluctuating 
loads. M.O.T. 
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Illustrated * 
Profusely [lustrated ** 


High Voltage Direct Current and Alternating Current 
Systems for Interurban Railways 
(Western Electrician, May 4, '07, p. 34) 
Abstract of a paper read by Mr. W. J. Davis, Jr. 
(G, E. Railway Dept.) before the Chicago branch 
of the American Institute of Electrical Engineers 


Peoria Power House of the Illinois Traction Company 
(Western Electrician, May 4, 07, p. 379") 


The Hlinois Traction Co. has one power house 
at Riverton and one at Danville, in addition to 
the new power house at Peoria, which is equipped 
at present with the following apparatus: Two 
2000 kw. 2300 volt, 25 cycle three-phase Curtis 
steam turbine units: one 70 kw. 2400 rpm. 125 
volt Curtis turbine exciter; and one 75 kw. indue- 
tion motor gencrator exciter; in addition to 23¥)- 
33000 volt step up transformers: and two 750 kw. 
30 volt D.C. induction motor driven units for 
city supply, The power house will feed the trans- 
former stations on the Peoria-Bloomington line 
=s far as Decatur. The Peoria-Bloomineton, and 
the Bloomington-Decatur lines. as well as all 
through lines now built north of Springfield, will 
be operated by single-phase current. 

One hundred and twenty-five miles of track will 
be equipped with General Electric apparatus, and 
the rolling stock comprises four motor GE —A605 
(75 hp. cars to operate on D.C. and single- 
phase current. The interurban cars, which have 
a seating capacity for F8 passengers, are 51 ft. 6 in. 
long. and weigh 40 tons. They are geared for a 
speed of approximately 50 miles per hr. 


An Example of Recent Factory Construction 
The Automobile Works of the White Company, 
Cleveland, Ohio 
{The Iron Age, May 2, “07, p. Use0**) 

The new Automobile Works of the White Com- 
pany employ about 1000 men in their large new 
shops. These comprise four main buildings, each 
of which is supplied with lighting current by means 
of a 3) kw. 440-110 yolt transformer. The shops 
are equipped with 440 volt three-phase motors. 
fed from the central power house, which contains 
a 500 kw. General Electric generator, space being 
provided for the installation of a 1000 kw. unit as 
well as a 150 kw. machine for night service. Group 
drive is principally used for the large number of 
small tools, each length of line shaft having its 
own motor. Sixty of these, ranging in capacity 
from five to fifty h.p.. are in use. 


New Cars in Toronto 
(Street Railway Journal, April 27, 67, p. 731) 

The new motor cars of the Toronto & York 
Radial Railway are to be operated over the 55 mile 
division between Jackson's Point and Toronto. 

The 28 ton cars have a length over all of 55 ft. 7 
in. a width of 9 ft. 3 in., and a seating capacity of 
62 passengers. They are supplied with a four mo- 
tor GE 73 (75 hp.) equipment with type M con- 
trol. 


New Substation of the Portland Railway Light and 
Power Co, 
(Electric Railway Review, May 18, "07, p. G41) 


From the hydro-clectric power plant known as 
the Cazadero Station, a 33000 volt, 33 cycle, three- 
phase current is transmitted 40 miles to feed two 
1000 kw. rotary converters for railway supply, and 
one 1400 h.p., 11000 volt, 33 cycle synchronous mo- 
tor frequency changer of 2300 volts, 60 cycles, for 
general lighting and power purposes. 

In addition to the necessary step down trans- 
formers, auxiliaries, and the elaborate switch- 
beard plant, 11 constant current mercury are rec- 
tifier sets are installed for operation of magnetite 
are lamps used for street lighting. The entire 
substation equipment has been furnished by the 
Generat Electric Co. 


Mechanical Refrigeration and the Central Station 
(Electrical World, May 18, ‘67, p. 991°) 


A brief illustrated discussion of the problem of 
mechanical refrigeration, a subject which is of in- 
terest to the Electric Central Station Managers as 
opening up a new ficld of electrical appheation. 
Detailed data are given pertaining to the cold 
storage temperature to be provided for various 
food stuff. Specific information is also furnished 
regarding the equipment of the wholesale fruit 
firm of T. C. Sherman & Co.. New Bedford, Mass. 
This concern is operating an automatic refriger- 
ating equipment that is electrically driven by a 
5 hop, 220 volt General Electric Motor. 

The capacity of the plant is 2.5 tons of ice in 
24 hrs, and the electric power is furnished by the 
New Bedford Gas & Electric Company. 


The New Turbine Power Station of the Dallas Electric 
Corporation 
(Street Railway Journal, May 18, “07, p. S56) 


The new power house located in Dallas, Texas, 
contains at present: 

Two 1500 kw. 60 cyele Curtis Steam Turbine 
two-phase generators. 

Three exciters, one of 30 kw, capacity being 
engine driven; and the other two, one of which is 
35 kw. and the other &5 kw., are driven by induc- 
tion motors, as are also two 500 kw., 600 volt D.C. 
generator sets. 

Space is provided for enlarging the station out- 
put by installing one additional 1500 kw. steam 
turbine, and a 500 kw. motor generator set. 

The station output is at present controlled from 
temporary panels in the switchboard plant of an 
old station near by. Its power is largely distrib- 
uted to a new substation that is located in the 
center of the business district of the city, and that 
contains one 500 kw. induction motor driven D.C. 
xenerator connected to a 250 volt three wire sys- 
tem. 

The electric equipment is of General Electric 
make, 
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General Electric Company 


Curtis Turbine Generators 


Direct Current—150 Kilowatts 


1IMWKW, CURTIS TURBINE-GENERATOR 
Speed 2,000 r.p.m.—Voltage 125 or 250—Length 16 ft.—Weight 25,500 Ths, 
The sheet-iron lagging has been removed to show construction of wheel casing. 


Some reciprocating engine sets may show as good full load 
performance when new as this turbine unit but with age and 
wear and slack attention the turbine maintains closely its 


original characteristics at all loads. 


How many reciprocating engines 
maintain original performance? 
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THE PANAMA CANAL 


By PROF. ELIHU THOMSON® 


ix 


Some two vears age the Commercial misconceptions and rumors concerning 
Clubs of Boston, Chicago, Cincinnati and what was going on there. Finally. in’ or- 
St. Louis. which are affliated clubs, pro- der that there might be cnough volunteers 


Fig. |. Special Train at Colon. Panama R. R. 


posed by a trip to the Isthmus, to set at for the trip, there were added other at- 
rest so far as possible, some of the doubts, tractions, such as a yisit to the island of 
"Aidldeves dleliverel before the Sehenectady Braneh. A. 1. BB Porto Rico and trip across the island, a 
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visit to Jamaica and a trip into the interior, 
and also a similar visit to noted places in 
Cuba, such as Havana, Santiago, Guanta- 
namo. With these exceptional attractions 
added, a sufficient number expressed a 
willingness to take the trip, and in conse- 
quence there were about twenty men from 
each of the four clubs, or between eighty 
and ninety men in all, who embarked upon 
the trip, the main object of which, how- 
ever, was to reach the Isthmus and see 
the work being done there. 


In December last a steamer of the ITam- 
burg-American Line was chartered to take 
the party to the various places mentioned 
and make stops as long as might be de- 
sired. The ship was the unfortunate 
“Prinzessin Victoria T,ouise,”” which short- 
ly after being selected went on the rocks 
off Kingston harbor, so that it became 
necessary to find another steamer suited 
for the journey, the choice finally resulting 
in the “Prinz Joachim” of the same line 
being chartered. 

The party from Boston went on board 
at New York, and the steamer touched at 
Charleston, S. C., where the western mem- 
hers embarked, and from there a run of 
1200 miles was made to the island of St. 
Thomas of the Danish West Indies, over a 
sea which, as the journey progressed, be- 
came warmer and deep indigo in’ tint, 
though very lonely. The only signs of 
life noticed were a few flving fish) and 
dolphins sporting. No ships were seen, 
although the weather was perfectly clear. 
There was some dread of increasing heat, 
for though it was winter ia the north, 
many had the notion that traveling down 
into tropical latitudes would mean suffer- 
ing from excessive heat. In reality ne 
such suffering was experienced at any time 
during the whole trip. What discomfort 
there was was from cold when we got 
back, 

While within the tropics, we experi- 
enced what would be perhaps the warmer 
part of our June weather, and even while 
at the Isthmus, where we were only 8 or 
y degrees from the Equator, the tempera- 
ture was quite moderate. 

From St. Thomas, which is a mountain- 
ous island rising from the sea, we went 
directly to San Juan, Vorto Rico, and 
thence te Ponce, a port on the southern 


side of Porto Rico, In the journey of goo 
miles to Colon, tropical conditions were 
accentuated. Myriads of flying-fish were 
disturbed by the motion of the ship. Usu- 
ally they leave the water when pursued 
by dolphins, but any moving object causes 
them to rise. 

As we approached nearer the Equator, 
we of course saw at night the North Star 
getting closer and closer to the northern 
horizon, and looking south the southern 
stars came up, and finally there appeared 
the great Southern Cross, the well re- 
knowned spectacle of the southern sky. 
It is not a very good cross, but answers 
well as characterizing the southern sky. 
Qn getting a little south of our temperate 
latitudes, the great star called Canopus, one 
of the brightest in the sky, became visible. 
This star is interesting as being one of 
the very largest bodies in the universe the 
size of which has been estimated, and as 
being many thousands of times larger than 
Our Stn. 

We were also able to see the renowned 
suu. Alpha Centauri, the nearest known 
body to us, and it is about four years of 
light away. It cannot he considered very 
neighborly when we know that light trav- 
cls over 180,co0 miles per second. 

The more serious part of the trip began 
when we were on the journey from Porto 
Rico to Colon. An organization was per- 
fected on board the steamer during this 
journey. The visiting body was divided 
into cight investigating groups or commit- 
tees, cach of which had its own particular 
subject to consider. For example, there 
Was a committee on administration, an- 
other on sanitary and health conditions, 
another on the effects of climate on white 
labor, another one on food and housing, 
another on the nature and efficiency of 
the plant, and another on the progress of 
the canal work, ete. The work of inspec- 
tion was so distributed among the com- 
mittees, and in some cases sub-committees 
were appointed, that each member of the 
visiting body had his own work laid out 
for him in advance. 

By express order of President Roosevelt 
it was arranged that when the body arrived 
at Colon, the men who were at the heads 
of the various departments of work on the 
Isthmus should respectively meet the par- 
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ticular committees and be prepared to an- 
siwer inquiries or impart any information 
which might be needed. As a result there 
was obtained in a short time, a very com- 
prehensive view of the situation at the 
Isthmus, andl time during the return sea 
journey north from Colon was devoted to 
getting dogether the various reports of the 
committees, which were unanimously fa- 
vorable, 

During the whole trip the weather was 
very good. “Phe only storms experienced 
were olf Cape Hatteras, which has the 
reputation of stirring up anvbody who is 
at all susceptible. Personally, Tam one 
of the immunes so far as sea-sickness ts 
concerned, anil therefore had no hesitation 
in again passing Cape Hatteras on the re- 
turn journey to New York, though some 
of the party who had experienced its ter- 
rors in going down. preferred to leave the 
ship at Charleston and come north ly 
train. 

As te the canal scheme itself, you know 
that twenty-five or thirty vears ago the 
French started to dig a canal, It had 
been mooted for hundreds of vears as a 
desirable thing, but it was started in good 
earnest: under similar conditions of eon- 
struction to those of the Suez Canal. Tut 
unfortunately for the French—I sav “un- 
fortunately’—they were ahead of their 
time, There were many things in science 
to be known before attempting such a 
work as they undertook, and it was only 
when those things became known, that 
the possibility of constructing the canal 
existed. “They attacked the problem when 
it was really impossible. One may talk 
about graft. corruption, and so on, doubt- 
less very great at the time. but it was a 
desperate task even from the = start, for 
there was no possibility of controlling the 
conditions of health and disease. [ater 
on this was solved. 

The French undertook to build a sea- 
level canal, that is. to cut down the whole 
Isthmus of forty-five miles to sea-level, 
so that no locks would be necessary. And 
that scheme, even today. would be a most 
gigantic undertaking. One has only to 
look at the conditions to realize how diffi- 
cult and how tremendous a piece of work 
that would be. To cut down the whole 
forty-five miles to forty feet below  sea- 
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level would take probably mot less than 
thirty or forty years and cost three or four 
times as much as the proposed) arrange- 
ment which has been adopted by Congress, 

The adopted scheme is, that at cighty- 
five feet above the sea level there shall be 
aw ogreat lake held back by an cnormous 
dam at Gatun. Om the Panama side there 
is alse to be a dake, not nearly se great as 
the other, and but fifty-tlive feet above sea 
level. 

As ome approaches Colom from the sea, 
there is noticed a tewn Iving on land which 
is but very dittlhe above the sea level, but 
as the tide here is only twenty-six inches 
aS a thaximuam, ne trouble is experienced 
with tidal variations.  Crlonw practically 


Fig. 2. Steam Shovel at Site of Gatun Locks 


rests on a coral reef, Here are docks for 
the shipping where are landed supplies for 
the canal and such merchandise as is ecar- 
ried across the Isthmus by the existing 
anama Railroad. The dock facilities here 
are quite modern. 

Qn our arrival at Colon the various com- 
mittees met the men of the administration 
force with whom they were to travel ani 
from whom they were to acquire as much 
information as possible in the short time 
permitted, A special train was arranged 
for carrying the party over the T’'anama 
Railroad to Panama. 

On arriving at Colon one is reminded of 
a remark of the President's in his Canal 
message to Congress, for he sees a consid- 
erable crowd apparently doing nothing. 
Perhaps this is the colored labor to which 
he alludes as having been taken to the 
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Isthmus at considerable Government ex- 
pense, to become loafers at Colon, or un- 
sanitary shack dwellers in the jungle, The 
country near Colon is very flat, low, and 
inclined to be marshy, but the low places 
are gradually being filled in. Much drain- 
age work has been accomplished. and also 
street paving, so that there is an enormous 
improvement in the health conditions as 
compared with former times. 

At Mount Tope, just outside of Colon, 
are great storehouses which contain prac- 


terprise, ‘This dam is to be 7700 ft. long 
between hills and 2600 ft, wide at its base, 
while the crest of about 100 ft. wide will 
be at a height of about 130 ft. above sea 
level, Near the middle of the crest will be 
a great spill-way of conerete to allow ex- 
cess water to run off. This great dam 
will impound the waters of the Chagres 
River, which river has always been a 
stumbling block in other plans of con- 
struction, as it is subject to excessive 
Hoods, having been knewu to rise about 


Fig. 3. Gatun, Site of Proposed Dum 


tically everything required for life and for 
work except food. A) catalogue of the 
things one may see in’ these buildings 
would fill volumes, but as the distance of 
the Isthmus from manufacturing centers 
is very great, it is necessary to have a 
large stock of materials and articles close 
at hand. 

Farther on, or about seven mules from 
Colon, is the site of the proposed great 
Gatun dam, and here one obtains an im- 
pression of the magnitude of the canal en- 


go ft. in one hour, The water above the 
dam being &5 ft. abowe sea-level, there 
will necessarily be a set of locks in three 
tiers or steps of about 30 ft. each, to allow 
vessels to pass from the high level to sea 
level and viee versa. These locks are to 
be double, or in duplicate, so that ships 
nay be passing each way at the same time. 

] confess to having had a prejudice, in 
company with many others. in favor of a 
sea-level canal, and the feeling that) the 
Government might be making a mistake in 
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not adopting such a construction, but a 
view of the conditions on the spot caused 
an almost instant change of opinion. To 
comstruct a sea-level canal would be a 
lengthy, stupendous task, and before its 
completion the financial burden would be- 
come tiresome and perhaps exhausting for 
any people, while the Chagres River would 
be a constant menace. With the construc- 
tion of the dam at Gatun, the Chagres 
River simply supplies water for working 
the Jocks, as afresh water lake is) ob- 
tained of tro sq. miles in extent above this 
am capable of easily tmpeunding the 
water of the severest river floods. Tt is 
said that the fotmdations. whieh at. the 
time of eur visit were being seiunded by 
diamond drils, have been found satisfae- 
tory for the construetion of the dam and 
locks. Figures 2 and 3 give views of 
the site of the dam, and it is noticeable 
that there is a litth town which will be 
covered by it. The tropical jungle has 
largely been cleared away from the parts 
shown where work is going on, so that 
the ground is almost bare of vegetation, 
with the result of a highly satisfactory san- 


Fig. 4. Cut in Rock at Bas Obispo 


itary condition, Many of the temporary 
dwellings or tents seen at Gatun will be 
replaced as soon as modern construction 
of screened buildings can be erected. 

On leaving the site of the Gatun dam 
we passed] over some rolling country and 
followed up the Chagres River for quite 
a long stretch. Here the Panama Rail- 
road, which originally was a single track 


road, has been double tracked, except for 
nine miles along this particular stretch, 
and the work of double-tracking this is 
under way. Tt is expected that there will 
soon be a complete double track from Cn- 


Fig. 5, French Scrap 


lon to Panama, and this will greatly fa- 
cilitate not only the transportation of sup- 
plies, but also the transportation of ma- 
terial and earth, 

The views along the railroad are often 
very beautiful and picturesque as vistas 
are opened up while the railway winds its 
way to Panama. ‘Those having cameras 
would often wish that the train might stop 
so that pictures of some of the beautiful 
views passed might be recorded This 
country will practically all be under water 
when the canal is constructed, Vessels 
may steam at full speed through much of 
this body of water. 

About twenty miles from the site of the 
Gatun dam we reach the first real hard 
work of canal digging. This is the rock 
cutting at Bas Obispo, where is the he- 
ginning of the continental divide, Much 
cutting has been done at this place, but 
there is an immense amount of rock blast- 
ing yet to be accomplished. ‘There is here 
a black, igneous rock, like a basalt, voleanic 
in nature, 

Leaving this point we soon reach iin- 
pire, where there are shops for construc- 
tion work, such as planing mills. modern 
machine shops, ete. We found some such 
shops at Christobal near Colon. ‘The 
equipment is modern and well adapted to 
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the kind of work which is to be done in 
the repair and erection of machinery. 
From Bas Obispo the journey leads to 
Culebra, where the deepe-t cut is to be 
made, but on the wav, at Empire, we see 
long lines mf French locomotives on a 
side track. In fact. all along the canal 
site is seen strewn the Freneh machinery 
or “French scrap” as it is called,—locomo- 


great deal of work. [t is very doubtful if 
twenty-five or thirty years ago our engines 
would have been any better, or as good. | 
was told by one of the canal engineers that 
the material in the French serap and the 
character of construction was of the very 
finest, amd that the fire-boxes of these 
scrap locomotives were of copper, while 
the fire-tubes were of white metal. The 


Pig. 6. Looking Down into Culebra Cut 


lives. cars, trucks, rails, earth shovels, ete. 
ete., which originally have cost millions of 
dlollars, The locomotive cngines, though 
of fine construction, are too small, and out 
of date. This is true also of much of tae 
other machinery, such as the construction 
cars, dredges, &e. Some have said that the 
French tried to build the canal with toys, 
but in reality these toys accomplished a 


Freneh scrap is not vet gathered up be- 
cause the railroad facilities are taxed to 
the utmost to do the canal work, and the 
opportunity for collection must come ata 
later date. Some day it will doubtless be 
collected, About this part of the canal 
zone, or part of the strip of land ceded to 
the United States by the Government of 
Panama, are niu of the administration 
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buildings, Police Station, Court House, 
sad the like. Near Culebra Cut there has 
yvrown up a fair sized town, the town of 
Culebra, where the buildings are on high 
ground, cleared of jungle, well drained, and 
where the habitations are thoroughly 
screened to keep out the mosquitoes, The 
government of the zone is, of course, prac- 
tically a despotism, and the United States 
is the despot, though, so far as could be 
seen. conditions were none the worse for 
that. At Culebra is the large Culebra Tho. 
tel, where there is a restaurant capable of 
furnishing, as was experienced, a very good 
teal, well served and well cooked. As one 
looks from oa point near the towi of Cule- 
bra, «dhawn inte and alone the preat Cut, 
me realizes perhaps more than ato any 
other time the magnitude and stupenchars 
character of the work undertaken. and it 
must be borne ino mind that the French 
did most of the existing cutting at Cule- 
Dra, aml with what has been condemned 
as their “little toy machinery.” They. 
however, cut down from a summit level 
of 333 feet above the sea. fo ft... leaving 
for the lock construction of canal about 
127 ft. more to be cut down with a cor- 
responding width ta order ta obtain proper 
Slopes on the side. In the mine miles) of 


Fig. 7. Within Culebra Cut 


cutting, which includes Pas Obispo aid 
Culebra, the major part of the cutting to 
make the canal, there will have to be re- 
muved some 50,000,000 of cubic vards of 
earth. and it is expected that much of this 
will be utilized in constructing the dian 
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at Gatun, Were a sea-level canal to be 
constructed, the cutting at Culebra would 
have gone down &5 it. more, and the whole 
45 miles across the Isthmus would have 
to be cut away about go ft. below sea level, 
This deepening woull mean, of cotirse, 


Fig. 8. Hotel Tivoli at Bay of Panama 


vreat widening for safe slopes. ‘The lock 
construction confines most of the work 
of excavation to nine or ten miles. 

Passing through the great Culebra Curt 
the further end towards Tanama is reached, 
and dastly the site of the sccomd set of 
locks, or Pedro Miguel, as it is termed. 
\t this point a single drop of about go feet 
by a duplicate lock. will be made. te enter 
a fresh water lake of some ten square miles 
in aren, held back by a couple of clams at 
a oplace called La Boea. and here. at what 
is ecaled Sest TL near the La Boca 
dan will be constructed ao set af locks 
with twe drops in fight: bringing ships 
down to sea level, 

lustead of the mere tide of twenty-six 
iiches at Colo. the tide on the Pamianmis 
side nuiy be a maximum of twenty-four ft. 

roth at the Coloa and at the Panama 
em it will be necessary te dredge a chan- 
nel out te sea for several nnles and this 
channel goes yery near the Pacifie docks 
of the present Panama Railway. 

Two or three miles away is the citv of 
Panama on Tanama Bay. aml just within 
the edge of the Canal Zone and just out- 
side of the city of Panama is a fine hotel, 
built by the United States Government on 
elevated and. amd called the PHotel Tivoli. 
It furnishes a convenient dwelling place 
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for men engaged in important work on the 
canal and has all modern conveniences, At 
the same time it is constructed to suit the 
conditions in the tropics, and is thor- 
oughly screened. 

The building of the canal largely de- 
pends upon preventing infection by dis- 
ease germs, and it has been shown that at 
least two and perhaps more of the serious 
tropical complaints, are the direct result 
of infection carried by mosquitoes, Con- 


tinual war is thus waged against the mos- 
quito pest. According to the authorities, 
to convey yellow fever, a person who has 
the fever, and who is, of course, carried at 
once to the hospital, must be bitten by a 
particular species of mosquito within three 
days of the inception of the disease, for af- 
ter three days the infection is not carried, 
The mosquito which has bitten the patient 
must live somewhere for twelve days in 
order that his biting of another person may 


Fig. 9. Shore of Panama Bay, at Panama 


sequently, there are regular brigades of 
men going around with cans of oil sprink- 
ling the pools of water, and called the 
“mosquito brigade.” 

By careful attention to the distribution 
of wholesome food and the sanitary condi- 
tions, the Canal Zone has become remark- 
ably healthy, so that for a year and a half 
there has not been a single case of yellow 
fever, and such infectious «diseases as have 
appeared, have largely arisen outside of 
the Zone among the new comers. Con- 


convey the disease, the period being the 
incubation period of the germ in the mos 
quito. The person may, of course, be bit- 
ten by a stegomyia mosquito, which car- 
ries vellow fever without being infected. 
Under the conditions just mentioned, since 
the hospitals are fumigated so as to de- 
stroy insects in them each day, and are 
thoroughly screened, it is difficult to im- 
agine yellow fever propagated or conveyed 
from one person to another. Another va- 
ricty of mosquito conveys malaria. It was 
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necessary that much of this be known be- 
fore work could be successfully under- 
taken, and it is only in recent years that 
this knowledge has become available. The 
French were attempting to do the work 
without it and necessarily failed. 

Returning for the moment to the city of 
Panama we find that it is an old Spanish 
city. Here the sun and moon rise out of 
what appears to be the Pacific Ocean, 
which is to the east of Panama. [Being so 
near the Equator the nights and days are 
almost equal in length, or about twelve 
hours each, all the year round. Formerly 
Panama had miserably dirty and muddy 
streets, but later they have been paved and 
kept clean, so that the health conditions in 
Panama, like those in the Canal Zone, have 
been vastly improved. ‘There are many 
interesting buildings in the present city, 
which was built after the destruction of 
the older Panama by buccaneers. The 
ruins of this older town are still seen on 
a site about six miles from the present City 
of Panama. 


As to the labor conditions in the Canal 
Zone, there are a great many negroes, 
largely from Jamaica and other West India 
islands, though the proportion of whites, 
many of whom are from the north of 
Spain and from Italy, is increasing. It has 
been found as a matter of fact that the 
white labor is much more effective and 
reliable. A curious condition with regard 
to the negro laborer was discovered in 
that he was content to live on food which 
did not particularly nourish him. He 
would buy bananas, yams, watery foods 
containing very little real nourishment, 
with the result that he could not perform 
sustained labor. The Government at last 
prescribed proper nutritious rations and 
withheld thirty cents a day out of his pay 
for them. The result has been a great im- 
provement in the amount and character of 
the work done, 

I wish to say before concluding that 
there was a general unanimity of opinion 
of the whole body of men that visited the 
Zone, that things there were in very good 
shape indeed. Everyone was surprised to 
find the conditions so good, and while it 
is true that very little actual digging had 
been accomplished, yet everything points 
to the possibility of it. It was absolutely 


necessary that these conditions of health 
and food, distribution of supplies, etc., 
should all be arranged beforchand; other- 
wise the work would be very expensive 
and seriously handicapped. I think that a 
great deal of praise should be given the 
men in charge for bringing about the 
splendid conditions. 

There is a reasonable hope, it seems to 
me, that the canal will be brought into ex- 
istence now, and that the work will go on 
to the finish. And since it is a government 
enterprise, every citizen should be inter- 
ested in its progress. It means a great 
deal for this country and also for the world 
at large. 

At the same time, as you will readily 
understand, one of the chief incentives to 
the construction of the canal by the United 
States Government must be the providing 
of an easy passage for war vessels. Other- 
wise we should have to possess as gigantic 
a navy for the Pacific coast as for the 
Atlantic. It would take too long to make 
the trip around Cape Horn, and it is 
too much to expect all vessels to do as the 
Oregon did. 

Some have said that it will injure the 
trans-continental railways, and some have 
charged that the railways are at the bot- 
tom of the resignations of important men 
in the Zone. I do not believe that this is 
true. The railways of to-day are very much 
hampered to take care of the traffic offered, 
and there is no reason for them to fear a 
canal when we consider the enormous 
growth of the world’s commerce. 

The conditions in the Canal Zone should 
be constantly improving. People are go- 
ing there with their wives and children: 
schools have been established under good 
supervision. Amusements, such as_base- 
ball and the like, are being introduced, and 
the climate appears to be favorable. It is 
true that the rainfall on the Colon side of 
the Isthmus is very large, over 140 in. per 
annum. At Panama, it is said to be less 
than 50 in., or about what we have along 
the Atlantic seaboard. On the Colon side 
the showers may be heavy enough to in- 
terrupt work. If, however, nothing un- 
foreseen intervenes, such as serious: labor 
complications, most of us may witness the 
completion of this great world’s enterprise 
in a few years’ time. 
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ELECTRICAL ENGINEERING PERSPECTIVE 
By HENRY H. NORRIS, 
Professor of Electrical Engineering, Cornell University 


Definition of Electrical Perspective 

‘The successful engineer is he who has the 
ability to “to see ‘hings in space,” just as 
the architect builds up a= structure in 
imagination before any working plans are 
drawn. It is impossible for the beginner 
to do this, as he must first become familiar 
with detail As soon, however, as he has 
mastered the elements of this subject. he 
begins to put them together to form more 
complicated thoughts; the power to do 
this being a measure of the success of his 
previous mental training. 

Sound electrical engineering — practice 
consists in the application of a few simple 
principles which stand out very clearly 
when the subject is viewed as a whole. 
The student and observer of electrical prin- 
ciples and practice is at first bewildered by 
the multitude of forms taken by electrical 
devices. Each seems to be a separate 
entity, and it is only after long assoctation 
with them that their essential unity be- 
comes apparent. It is useless to point 
out to the beginner that the armature coils 
of the direct current generator and the 
primary winding of the induction moter 
are essentially the same. He will not 
believe it, for he knows that one invari- 
ably rotates. while the other is vsually 
stationary; that one is a closed winding, 
while the other is usually open: that one 
receives single or poly-phase alternating 
current, while the other gives out contin- 
uous current. When he has had = more 
experience, he sees in’ each of these 
machines certain elements which — are 
common to both, while their differences 
appear comparatively unimportant. This 
process of relating the essential features 
of various devices to each other and to 
their ficlds of application, may be called 
for convenience, electrical perspective. 
Illustration of Electrical Perspective 

Such a perspective view of  clectrical 
apparatus shows that it comprises three 
kinds of cirenits: (a) electric, (b)insulat- 
ing or dielectric: and (c¢) magnetic. In 
each device at least two of these ciretits 
are present. ‘The design of these devices 
invelves, therefore, the ceomomical applica- 


tion of conducting, insulating and magnetic 
materials, 


THe Eveerric Circuit has for its function 
the provision of a conducting path for the 
current, which is the vehicle for the 
transmission of energy to and through 
the apparatus. ‘The apparatus usually is 
designed to change the variety of the 
energy. The change is in general acecom- 
panied by the production of a counter 
electromotive force in the cireuit, which 
is the evidence of the resistance to the 
change of form of the energy. For ex- 
ample, in a motor, the clectrical energy is 
transformed to mechanical, and the motor 
e.m.f. appears in the armature. 

An electric circuit consists of two parts: 
the transmission line, and the machinery 
windings. The function of the trans- 
mission line is to transmit energy with 
least loss; that of machinery windings 
is to generate clectromotive and = mag- 
netomotive foree. For the latter purpose. 
two arrangements of the cirenit 9 or 
circuits are employed. The first, which 
may be termed localized windings, produce 
maimfs in a definite direction. ‘This 
arrangement is found in transformers, field 
coils, ete. The second is the distributed 
winding which produces a rotating field, 
and which is found in direct and alternat- 
ing current generator and motor armatures ; 
in the primary and secondary windings of 
induction motors, ete. The distributed 
winding produces an approximation to a 
sine distribution of m.m.f. in all cases. 


THe Macnetic Crrevit has for its fune- 
tion the provision of a path for the 
magnetic flux, which in) general is the 
connecting link between two electric cir- 
cuits. ‘The flux is produced that it may 
cut or be cut by one or more electric 
circuits, into or from which energy ts 
being transformed. In all electrical appa- 
ratus involving a moving part or armature, 
there is a combination either of two dis- 
tributed windings, or of one distributed 
and one localized winding. Distributed 
windings produce magnetic fields) which 
rotate with respect to the conductors of 
the winding. 


ELECTRICAL, ENGINEERING PERSEROCTIVE ah 


In the case of revolving armatures in 
which the winding rotates in one direction 
at exactly the same speed as the mam. 
rotates in the other, there results a fixed 
position for the mum.f. of the distributed 
winding, except as the maximum value is 
shifted backward and forward by a change 
in power factor, or by the shiiting of tae 
brushes,* 


THE Dienkerric Crrevir, In order that 
the eleetric circuit may perform its duty. it 
ix essential that the energy and its venicle 
the current be confined to their path, the 
comductor, ‘This requires that the latter 
be surrounded by insulating material of 
sufficient resistance to prevent leakage. 
and auch more important, of a diclectric 
strength great enough te provide aywainst 
ruptcre with a reasonable factor of safety. 
The provision is made not only ayainst 
the ordiary strains of service, but against 
the excessive e.m.f.s introduced by light- 
ing and by electric surges from the trans- 
mission line, The dielectric materials must 
bave sufficient mechanical strength to resist 
the pressure and vibration incident to 
service, and they must not be unduly sus- 
ceptible to the effects of heat and moisture. 


Perspective View of Electrical Apparatus 
Cueccrrs Mausbromertive 
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etc., ete. 

Summary. ‘This illustration of perspeec- 
tive indicates the essential simplicity of 
electrical apparatus. Naturally, the detail 
requires careful analytical study. It ts a 
reat satisfaction for an electrical engineer, 
when he learns of a new development in 
his business, to be able with facility to 
relate this to his previous knowledge. Ile 
can then follow the details to the extent of 
his ability and inclination. ‘These remarks 

* The writer finds that students bave most diMeulty in 


appreciating the relations of the retating and the fixed 
m.m.f.s in electrical machinery wintdings- 


have been written particularly to the 
vraduate apprentices, who while in college, 
may have had difficulty in) co-ordinating 
their knowledge. The apprentice period 
gives an excellent opportunity for them 
to do this, surrounded as they are by ex- 
amples of the best modern practice. 


COMMERCIAL CENTRIFUGAL 
COMPRESSOR WORK 
By DR. SANFORD A. MOSS 
After an extensive series of experiments, 
covering a number of years, commercial 
work has been begun by the General Elee- 
tric Co. on a line of dircet-connected units 
for supply of air at moderate pressures in 
large quantities, These units are princi- 
pally adapted for air blast for yas or other 
furnaces for various industrial purposes 
such as hardening, soldering, annealing, 


Centrifugal Compressor Driven by 11 hep. Induction Motor 


melting, smelting, ete. They are applica- 
ble to any case where a comparatively 
large quantity of air is required at  pres- 
sures from about one to four pounds per 
square inch. ‘These units are much simpler, 
more efficient, more durable and easier to 
operate and maintain than positive pres- 
sure blowers which have hitherto been 
used almost exclusively for such service. 

The units consist of a modified form of 
fan blower integral with the driver. which 
may be either an induction motor, a direct 
current motor or a steam turbine, Owing 
to the fact that the driver and centrifugal 
compressor are part of the same machine. 
a yery harmonious and compact design 
has been possible. Speeds, ete.. have been 
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selected to give most efficient operation 
as a unit, and there has been no hamper- 
ing from considerations of belt or gear 
drive, ete. 

The “Centrifugal Compressor” itself is 
a modified type of fan blower, consisting 
simply of an impeller rotating in a case, 
thus giving a maximum of simplicity. It 
is more highly perfected than the ordinary 
fan blower, however. It successfully ac- 
complishes results beyond the range of 
fan blowers and maintains much greater 
pressures. ‘The machines are, in fact, what 
are often called turbine compressors, and 
are closely related to so-called turbine 
pumps. ‘The present line of machines has 


Centrifugal Compressor 


but a single stage, and is suitable for pres- 
sures up to about four pounds per square 
inch. Lines of multistage machines for 
yreater pressures are in process of devel- 
opinent, 

The machines are not adapted for pres- 
sures less than about o&88 pounds per 
square inch, which is equal to 14 ounces 
per square inch, or 1.8 inches of mercury, 
or 24 inches of water. The ordinary type 
of fan blower. or ventilating fan, should 
be used for all lower pressures. 

These machines will come in competi- 
tion principally with positive pressure 
blowers, It is believed that they will give 
much more satisfactory pressure regula- 
tion and that the avoidance of belting, 


gearing, and wearing and sliding parts, 
will give much greater durability and effi- 
ciency, and easier maintenance, 

The photographs show a machine which 
has been in continuous commercial service 
for a long time in Bldg. No, 63, River 
Works, Lynn factory. It supplies air 
blast for gas furnaces of various kinds and 
has been accepted as a shop plant ma- 
chine, displacing a number of positive pres- 
sure blowers. Reports from shop plant 
officials indicate that the machine is oper- 
ating very satisfactorily. [t has required 
no attention or adjustment of any kind 
since being put in regular service. Eff- 
ciency tests recently made give the same 
results as original tests when machine 
was new. This is as it should be, since 
there is no possibility of deterioration. This 
is in marked contrast to positive pressure 
blowers, which are always found to de- 
crease greatly in capacity and efficiency as 
wear occurs. 

This machine is rated for 750 cubic feet 
of free air per minute, at a pressure of 1.7 
Ibs, per square inch, As in all of these 
machines, the pressure is practically con- 
stant, regardless of load, This is well 
shown in the present case by the fact that 
the blast gate in the discharge pipe line 
may be opened or closed, thereby putting 
an or off the full factory load. without giv- 
ing any variation of pressure in the dis- 
charge pipe at the machine. This machine 
is driven by an tt hip. squirrel cage in- 
duction motor, 220 volts, three-phase, 60 
eveles. This motor has but two poles, 
and therefore has the maximum speed 
possible with 60 eyeles; 3600 r.p.m. syn- 
chronous speed. A standard starting com- 
pensator gives satisfactory starting char- 
acteristics. The efficiencies of the ma- 
chine under all circumstances have been 
carefully investigated and found to com- 
pare very favorably with competitive types. 

The standard line of machines which 
has been laid out covers a number of dif- 
ferent sizes for various capacities and 
pressures. In addition to the machine 
shown in the photograph, a number of 
other machines of this standard line have 
been built and are being built for various 
places in the General Electric factories, 
such as the Lamp Works, Iron Foundry. 
etc. 
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METAL FILAMENT LAMPS 


By W. R. WHITNEY, PH. D. 
General Electric Company's Research Laboratory 


When Mr. Edison performed his well 
known experiments from which the present 
carbon incandesdent lamp resulted, he also 
made the first metal filament lamps. ‘The 
chemistry of the rarer metals was then not 
so far developed as to make trials with the 
recently discovered materials possible to 
him. Jlis attempts to make platinum serve 
as a filament are well known, but none of 
his processes for raising the melting-point 
were sufficient. A platinum filament melts 
apart or shrivels up before it is as lumin- 
ous as a carbon filament at standard effi- 
ciency or is sufficiently luminous to be a 
practical lighting agent. Carbon then took 
up a position which a quarter of a century 
of experiment has hardly shaken. During 
this time about every conceivable form of 
carbon, and carbon from every conceivable 
source, has been tried as filament: charred 
silk and cotton fibre, compressed lamp 
black, graphite, carbonized bamboo, etc., 
etc. This basic material has been so thor- 
oughly studied that the filament of today 
is a very complex structure, Many of them 
consist of a core or base of jet black car- 
bon which is made from a cellulose solution 
squirted into fibre just as artificial silk fibre 
is made. ‘This carbon base of the filament 
is surrounded by a skin, or shell of graph- 
ite, which gives it a steel gray appearance 
and raises its light efficiency. The whole is 
then finally changed by subjecting it to the 
highest temperature of the electric furnace, 
so that it partakes of some of the proper- 
ties of a metal, which properties were not 
previously characteristic of it. During this 
development it was known that metals of 
very high melting-point could contend with 
carbon if they could only be isolated, puri- 
fied and made into suitable form. Perhaps 
the first metal filament lamp on the market 
was the osmium lamp of Auer von Wels- 
bach. This was a distinct advance over 
carbon in efficiency, but the resistance of 
this metal is so low that four or five long 
filaments in series have to be put into each 
110 volt lamp. The process of manufacture 
is difficult. In fact, after considerable 
effort, but one factory in the world has suc- 
ceeded in making this lamp. The cost of 


the material is also excessive and it is so 
rare in nature that it is actually impossible 
to appreciably effect the world’s lamp sup- 
ply by it. 

Doubtless Von Welsbach’s successful ex- 
periments made other students more active 
in this field, and many of the promising 
metals were probably soon being investi- 
gated. There are several which are super- 
ior to osmium, but the difficulties of mak- 
ing filaments from them are very great. It 
is for this reason that the newer metal fila- 
ments are the product of well equipped lab- 
oratories, where much effort has been ex- 
pended in overcoming mere obstacles of 
manufacture after a general and long line 
of attack has been laid out. As far as 
metals are concerned, it is probably nearly 
true that the higher the melting-point the 
more efficient will be the lamp. 

Dr. Werner Von Bolten, chemist of the 
Siemens & Halske Company, a student from 
Prof. Ostwald’s laboratory, where also Dr. 
Walter Nernst was formerly assistant, 
studied with particular success the metals 
niobium and tantalum. He found that 
both, when in vacuo, resisted very high 
temperatures, but as tantalum was more 
difficult to melt, his laboratory's attention 
was devoted to this element. The efforts 
were directed to the reduction of the ore 
and to the perfecting of the filament form 
of the metal. The metal had not been 
drawn into wire prior to his experiments. 
The development of this lamp has caused 
search to be made for tantalum mineral, 
which was previously little known. Plenty 
of it is now to be obtained, so that the cost 
of the metal in the lamp ought to be small, 
compared to the cost of labor in producing 
it. Tantalum has such a high conductivity 
that about 2 ft. of wire, not larger than a 
human hair, must be suspended in each 110 
volt lamp. At the temperature of opera- 
tion the wire softens so much that it has 
to be supported at distances of about 1” 
apart throughout its length. This makes 
the Tantalum Lamp appear distinctly differ- 
ent from the other incandescent lamps. 
This lamp was the result of a splendid 
piece of careful research work which the 
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Fates seemed to have allowed a newer dis- 
covery to partially overshadow. 

The Tantalum Lamp is capable of reduc- 
ing the cost of light to about half the 
earbon-filament value, and such a change, 
if the lamps were rapidly introduced, would 
doubtless disturb the conditions in the light 
market. Under the single and simple con- 
dition that the saving in cost be equally 
divided among the parties concerned, there 
would certainly finally be a great increase 
in the number of incandescent lamps used. 
Long before these new lamps could be sup- 
plied in sufficient number to enlighten con- 
sumers as to their real value, promises of 
still newer and better lamps are made. It 
is noticeable, however, that each of these 
different kinds of lamp, including the car- 
bon filament, possesses some one character- 
istic differing from those of the others 
which may well permit it to demand con- 
tinued usage. 


The discovery of the method of obtaining 
metallic tantalum and the development of 
the supply of ores will doubtless prove a 
boon to other industries. It is a metal pe- 
culiarly like steel, but possessed also of 
other properties, which make its trial in 
other fields exceedingly interesting. 


The latest known arrival in the field of 
incandescent lights is the Tungsten Lamp. 
Tungsten has long been known as a metal, 
but few have seen it except as a powder. 
Its alloys with iren are quite common. It 
had been difficult to obtain it pure, and in 
the impure state it was very promising as 
a filament material. It was impossible to 
draw it into a wire, as was done with tan- 
talum, though a melted mass of it could be 
produced in an are-furnace. Therefore ad- 
ditional experiments had to be made. Fila- 
ments are now commonly produced from 
the fine powder, which is mixed with some 
kind of binder to form a paste, and after 
squirting through a die the resulting threads 
are subjected to some process to remove 
the foreign material. One of the simplest 
processes is to use sugar paste and to drive 
eut the residual carbon in an inert atmos- 
phere. Like its competitors, the osmium 
and the tantalum filaments, about 2 ft. of 
wire are necessary for 110 velt lamps. Its 
melting-point is higher than cither of these 
and satisfactory lamps are made having 


nearly twice the efficiency of the ‘Tantalum 
Lamp. 

low much farther may we expect to go 
in improving the electric light? Evidently 
we cannot do better than devise a lamp 
which shall turn into light all the energy 
supplied to it. What part of the supplied 
energy is thus utilized in our present 
lamps? No one knows. It is apparently 
not a simple task to determine the effi- 
ciency of a lamp, and yet what we want 
to know is very simple. Electrical energy 
is measured in joules or its rate of use 
is measured in watts. These two bear the 
same relation to each other as do a price 
and a salary rate. A good 32 c. p. carbon 
lamp consumes energy at the rate of about 
100 watts, but most of this is radiated or 
conducted away as useless heat. 

To determine what part of this is effee- 
tive as light one investigator has submerged 
a lamp in a glass vessel of water and meas- 
ured the rate of heating of this water by 
the energy supplied to the lamp under two 
different conditions. In one case the ves- 
sel was transparent and in the other opaque. 
Evidently the difference in energy in the 
two cases might be expected to be due to 
the escape of light-energy when transparent 
walls were used, as the heat would be ab- 
sorbed by the water. in this basis he con- 
cluded that .188 watts was all the energy 
actually necessary to produce one candle 
power, or for the 32 c. p. lamp about 6 
watts. As the 32 ¢. p. carbon lamp really 
consumes foo watts, the light efficiency 
becomes only 6% > that is, o4% of the 
energy is wasted, 

Another able investigator has separated 
the entire radient energy of a lamp into a 
spectrum, and then collected the visable 
part of the speetrum—that is. the light rays 
-—ani determined their energy by the heat- 
ing efieet produced by it upon a very sensi- 
tive thermometer or bolometer. ‘This alse 
seems a very proper method of determina- 
tion. ‘The resalts differ greatly from those 
previously cited for he found about 12 
watts per candle, On this basis, only about 
3/4 of the 100 watts of our 32 ¢. p. lamp are 
really used as light. 

Our best present lamp, the ‘Tungsten, will 
give for a practical life about 8o candle 
power for roo watts, instead of 32 ¢. p. Ae- 
cording te our first method of ealeulation 


METAL FILAMENT LAMI'S af 


this lamp is using about 15 watts for light 
and wasting about &5. According to the 
second method its efficiency is about 9%. 

In either case it is evident that there may 
still be great improvements raade in electric 
lighting, and that until our lights are at 
least six times as efficient as at present 
something remains to be done. 

In this connection it is worth while ex- 
plaining for the uninitiated how different 
kinds of incandescent lamps are compared 
as to usefulness. The buyer of lamps, the 
public, that great authority which not only 
exerts the power of veto on all the schemes 
of the lampmaker, but which also practi- 
cally determines his entire operation, has 
apparently decided that an incandescent 
lamp cannot in general be renewed more 
frequently than once in 500 hours. Oftener 
is too troublesome. Therefore it demands 
a lamp which will give the most or cheapest 
light for that period. This has carried with 
it the practical effect that if the lamp does 
not burn out at about its 500th hour, it will 
have reached about 80% of its original 
lighting power, so that it is then worth 
while to displace it by a new one. If the 
public were willing to frequently replace 
old lamps by new, it would demand the 
lamp which burns itself out or runs down 
to the 80% point in a shorter period than 
500 hours, as the cost of light itself would 
be less and the efficiency would then be 
greater. 

A carbon filament lamp will last about 
30 hours while giving light at about 50% 
greater efficiency than the one actually de- 
manded by the public, but the public will 
not pay for the greater number of lamps 
and take the trouble of replacing them so 
often. This method of replacement of car- 
hor incandescent lamps also determines the 
efficiency at which new kinds of incandes- 
cent lamps must burn in practice; that is, 
if the new lamp is to burn out in time, let 
it be burned at as high an efficiency as pos- 
sible without becoming destroyed or get- 
ting below 80% of its original light-value 
at the end of 500 hours. 

\ point which has always very greatly 
pressed us in this connection and one 
which could not fail to appeal to any ob- 
server. is the enormous light which any 
type of incandescent lamp is capable of giv- 
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ing for a short time, if it be “driven hard”. 
In such a case it will die soon, but the 
thought involuntarily presents itself, why 
cannot this wonderfully efficient condition 
continue? An inert material is in a perfect 
vacuum. Why should it change or decay? 
For example, a carbon incandescent lamp 
will operate a short time at five times the 
normal efficiency. Some of the metal fila- 
ment lamps will even do very much better 
than this and for some minutes deliver light 
at an efficiency superior to four candles per 
watt. This means that a small lamp, 
meant to be operated at 30 volts and give 
30 c. p, can be driven by application of 
say 65 volts, to give for a short time a 
light of yoo c. p., which is nearly equal to 
that given by a good enclosed are. On the 
basis of the lowest determination of the 
electrical energy actually necessary to pro- 
duce one candle power this lamp is burning 
at nearly 5096 light efficiency. On the 
basis of the higher determination referred 
to, it is yielding 75% of the input as useful 
light. ‘This is truly an enormous advance 
over the practical commercial efficiency 
of 314 or 6%. Its interest to the investi- 
gator is very great, for it indicates to him 
that there is no inherent reason for placing 
an upper limit on the efficiency of incandes- 
cent lamps, which limit shall be much be- 
low cent per cent. It may well be possible 
in the future to reach a point where the 
waste of energy in transforming from elec- 
tricity to light will not be greater than in 
the other necessary step: (the change 
from mechanical energy of the engine or 
turbine to the electrical energy of the gen- 
erator). If no electric light had existed, 
even for a moment,-which was much super- 
ior in efficiency to that well known in 
practical illumination, the student of this 
ficld might well have felt that his determin- 
ation of the electrical energy per candle cor- 
responding to the perfect efficiency pos- 
sessed merely an academic value. 


The self-destruction of the filament of an 
incandescent lamp is one of those failures 
which seem uncalled for. We think when 
their diseases are properly diagnosed that 
remedies will at least greatly prolong their 
life, if they do not make it practically 
eternal. A filament glowing at dull red 
heat has nearly an eternal life. It is only 


f, 


when taxed by high temperature that it 
Wastes away. The wasting away of the 
filament scems to involve many of the new 
and interesting theories and phenomena 
connected with electric discharges in gases, 
articles of the filament seem to be shot off 
from its surface so that the filament is 
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gradually weakened and the glass also 
blackened. 

These phenomena are common to all in- 
candescent lamps and as their causes are 
in the future, more thoronghly investigated, 
it is probable that improvements at present 
only heped for, will be realized. 


SMALL TURBINE INSTALLATIONS 


By B. F. BILSLAND 


While the General Electric Company has 
installed and in operation a Jarge number 
of small Curtis Steam Turbine Sets, and 
while those installed have given very sat- 
isfactory service, still the merits of the 


that the public has not as vet sufficient 
confidence in them to allow of their many 
advantages having much influence when 
compared to the small engine set. Further- 
more, they are used principally by those 


Fig. 1. 15 kw. D.C, Curtis Steam Turbine Installed in Baggage Car 


small steam turbine as a prime mover do 
not seem to be fully appreciated. One rea- 
son for this may be that the small steam 
turbine sets are a new development, and 


Whe are unfamiliar with the uniform satis- 
faction given by large turbine installations. 

The smaller turbine sets are designed 
with two bearings and a one piece shaft, 
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while the larger size is provided with four 
bearings and a two piece shaft with flex- 
ible coupling. 

The sets are built to operate at speeds 
suitable for generators of high efficiency 
and great mechanical strength, Simplicity, 
compactness, and substantial construction 
are embodied in a neat symmetrical design. 

The oiling system is very efficient and 
satisfactory, the oil being supplied to the 
bearings at a slight pressure by means of 
a pump geared to the turbine shaft. This 
distribution is further supplemented by 
the use of oi] rings. The oil is used 
over and over again, circulating in a closed 


Fig, 2. 25kw, iid Volt D.C. Curtis Steam Turbine 
Installed in Baggage Car ’ 


system, thus giving the highest cconomy 
possible and reducing the waste to a mini- 
mum, 

Qwing to the design and the type of 
machine, these small turbine sets may often 
be installed where reciprocating engines 
would be objectionable. ‘The continuous 
rotary motion is unaccompanied by the 
vibration always present jn reciprocating 
machinery. 

The small turbine units make ideal in- 
stallations for supplying light, power, or 
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heat, or all of these together; as well 
for mills. machine shops, apartment houses, 
office buildings, and for train lighting, ma- 
rine service, etc. They also make an ex- 
cellent steam driven exciter set for sup- 
plying excitation for alternating current 
generators. 

As the units oceupy very little space it 
is possible to install them where no other 
machine capable of doing the same work 
could be placed, as well as in places where 
the space is very valuable, as shown in 
Fig. 1. 

This is a 15 Kw, Direct Current Curtis 
Steam Turbine Set installed for the Penn- 
svlyania Railroad Company in baggage car 
“Utopia.” The photograph gives a very 
eood idea of the small amount of space 
necessary for the unit by comparison with 
the limited floor area in a baggage car. 
This turbo-generating sect is of sufficient 
capacity to furnish current for approxi- 
niitely 300 16¢,p, incandescent lamps at nor- 
mal load, and 375 16¢.p. incandescent lamps 
at maximum load. The machine oceupies 
not more than 27 cubie feet. For a switeh- 
board, the wall of the car is made use of. 
the meters, switches. circuit breakers, 
rheostats, fuses, gauges, cte., being fasten- 
ed directly on the wall. 

On account of the light weight and the 
small size of these sets, as well as the ab- 
sence of reciprocating parts, these turbines 
operate without vibration, and there is no 
necessity for heavy and expensive founda- 
tions. That a very inexpensive foundation 
is sufficient is shown in Fig. 2. 

This figure shows a 25 Kw. Direct Cur- 
rent to volt Curtis Steam ‘Turbine Set 
installed in a baggage car for the C. B, & 
Q. R. R. The foundation is made from 
four medium size timbers bolted to the 
floor of the car. As in the installation de- 
seribed above, the wall of the car is made 
use of for the switchboard. In this case 
the instruments are placed on a board and 
the board fastened to the wall. 

Fig. 2 also gives a very good view of 
the generator, showing the relative size 
of the armature, and the compactness and 
neatness of the entire design. 

A typical installation is shown in Fig. 4 

This shows installed two 15> Kw. and 
one 25 Kw. direct current 125 Volt Curtis 
Steam Turbine Sets. These are a part of 
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the exciter sets which are used to furnish 
excitation for testing the turbo alternators 
at Schenectady, N. Y. They are prac- 
tically in constant service, and as a rule 
are kept running continuously from one 
week to another. 

The cut also shows what a slight foun- 
dation is necessary, the small amount of 
space which is used, and that such a lo- 
cation would not be an ideal one for in- 
stalling reciprocating engines. 

The oiling system for the turbine sets 
has as before been deseribed. and from 
this it is evident that the cost of lubricat- 


The care and attendance required in 
operating a turbine set is considerable 
less than that of an engine set. After a 
small turbine set has been placed tn 
operation, and run a_=osufficient time to 
know that all parts are working suceess- 
fully, very lite more attention ts needed, 
save for occasionally renewing the oil, 
and trving the emergency governor te 
see that it is working properly. With an 
engine, however, it is different, for it is 
necessary to visit the engine several times 
during a day to fill the oil cups, fll or 
tighten the grease cups and see that the 


Fig, 3. Two 25 Kw. 125 Volt Curtis Steam Turbine Sets Installed on Hudson River Day Line Bont 
“Hendrick Hudson" 


ing js a very small item. This is not true 
in the case of engine sets, for the oil to 
the bearings is partially used and partially 
wasted, therefore, consumed. ‘The eylin- 
der oil in the exhaust steam is either en- 
tirely lost, or can be only partially saveil 
by the use of a separator. ‘This of course, 
adds to the expense of the installation and 
also slightly to the cost of operation. 

The exhaust steam in the case of the 
turbine installation is entirely free from 
oi, and this is of no little value when it 
is likely to be used for cooking. steam 
heating, laundering, ete. 


lubricator contains oil and is) working 
properly. It is also very evident that the 
amount of waste necessary for the engine 
is considerably more than for the turbine. 

\Water collects in steam mains and pipes 
and if not carefully handled when start- 
ing an engine, serious damage may result, 
still if damage is caused this way it is the 
result of carelessness, Jlowever, i neca- 
sionally happens that water is carried over 
from the boilers into the engine and blows 
out a evlinder head, thus causing expense 
for repairs and fuss of the service of the 
unit, With the turbine such an oceur- 
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rence would simply tend to slow the speed 
of the set while the water was passing 
through the turbine. In all cases, how- 
ever, good engineering will reduce the 
tendency to this trouble, 

The weights of the turbine sets are 
approximately 50 to 60% less than those 
of the engine sets of the same capacity. 
This fact may be of great importance con- 
cerning the location of installation. also 
in regard to the cost of the foundation. 
The difference in weight, of course, makes 
the freightage Jess for the turbine unit. 

Finally, the initial cost for purchase and 
installation of a turbine set is practically 
the same as that for an engine set of the 
same capacity, a slight difference being 
sometimes in favor of the one or the other. 
However. this depends upon the local con- 
ditions, and upon the type and quality of 
engine. 


Fig. 4 
Two 15 kw. and One 25 kw. 125 Volt Curtis Steam Turbines 


With the steam turbine set the main- 
tenance and repair charges are generally 
much smaller than those for a steam en- 
gine set. There is no change in efficiency 
over very extended periods of operation, 
and much less attention is required, ‘This 
latter item results in) considerable saving 
since a cheaper operator may be emploved, 
Furthermore, the reduction in) necessary 
thaor space, with the consequent deerease 
in building expenses: and the greatly less- 
ened cost of lubrication, are some of the 
points which will in) general be found to 
place the steam turbine set far in advance 
of its old time rival. 


HIGH VOLTAGE TESTING 
TRANSFORMERS 
By J. J. FRANK 

In the General Electric Review of De- 
cember, rgog, there was an article de- 
scribing two 166,000 volt testing trans- 
jormers built for the Columbia Improve- 
ment Company. 

At that time, the writer believed that 
such voltage was the highest that had ever 
been used for testing purposes, and con- 
sidercd the design of the transformers 
worthy of special mention, 

The fact that the General Eleetric Com- 
pany has recently built: twe transformers 


Fig. 1 
Section of one of the High Tension Coils of Testing Transformer 


rated bi -lo-g00-300000-2 300 oOo, one for 
the Wirt) Manufacturiag Company. Ply- 
mouth, Mass. amd the other for the Power 
& Mining Department at Schenectady: in 
which the high tension voltage is. as the 
rating indicates, almost double the voltage 
of these previously deseibed; suggests 
this as an opportune time to call attention 
to these higher voltage apparatus. 

These transformers are oil insulated. and 
embody the latest ideas in mechanical and 
Clectrical desien, to meet the severe 
strains incident to their operation at such 
high voltage. 

They are core type, the core consisting 
of two vertical legs joined at the top and 
hattom by horizontal vokes. The inter- 
leaving of the voke and the vertical legs 
is done in such a manaer as not only to 
reduce the exciting current to a minimum, 
but also to meterially increase the me- 
chanical strength of the core structure over 
any other construction previously used. 

The low voltage winding is placed di 
rectly oon the core, and consists of one 
strip of copper, wound ina single laver, 

The high voltage winding is divided into 
fifty separately wound and insulated coils, 
having but one turn per laver in’ each, 
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These fifty coils taken together make a 
total of about 16,000 turns. The insula- 
tion between layers and between turns of 
the terminal coils, is reinforced to such an 
extent that it will withstand a test: of 
10,000 volts applied indefinitely. The see- 


Fig.2. Testing Transformer in Operation 


tion of such coil is shown in Fig. 1. 

by a peculiar method of assembly, the 
space between the high voltage winding 
and the low voltage winding is subdivided 
into a number of separate channels by 
concentric cylinders, requiring the use of 
no spacing strips or centering blocks of 
any kind im these channels, so that the 


Fig. 3. Testing Transformer in Operation 


insulation between the two windings is of 
the highest known quality. 

The bushings for the high voltage leads 
consist of cylindrical sections filled with 
oil ‘This construction has demonstrated 
its superiority over the use of any solid 
material. and in the present transformers. 
the bushings have been subjected to a po- 


tential strain of sou,ga0 volts for hours, 
without any indication of weakness. 


The transformer was designed to meet 
the following characteristics: 


Frequency: 60 cycles. 

Capacity: 300 kw. 

Primary voltage: 2300 4000, 

Primary current; 05 amperes, 

Secondary voltages 300.000, 

Secondary current: © ampere. 

Efficiency at full load: 97.4%. 

The above cuts show the transformer 
operating at different voltages, and to a 


Fig. 4. Showing Carborundum and the Reactive Coils 


certain extent, illustrate the strains to 
which the high voltage windings are sub- 
jected under normal working conditions, 
See also ilustration on front cover, 

Referring to the above photograph, at- 
tention is called to the discharge across the 
earborundum resistance placed in’ series 
with the high potential fead. The flat 
dise-like coils on top of the bushings are 
reactive coils intended to take the strain 
occasioned by the discharge of the poten- 
tial across the needle gaps, and thereby 
protect the terminal portion of the high 
potential winding. 
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RAILWAY SIGNALS 
Part I 
By F. B. COREY 


Introductory 

This series of articles is not presented 
with a view to instruct those already 
skilled in railway signal engineering. It 
has been prepared in response to a request 
for some elementary information of a gen- 
eral nature to enable the reader to clearly 
understand the fundamental principles of 
the operation of railway signals, and to 
place him in a position to discuss intel- 
ligently such simple matters relating to 
their operation as may be called to his at- 
tention, 

Signal Engineering is a branch of the 
engineering profession which is very little 
understood by those who are not making 
it a special study. Something of its im- 
portance may be seen from the fact that 
the signal engineers in this country have 
a national association now numbering about 
zoo members and rapidly increasing. It is 
not strictly a branch of Electrical Engi- 
neering, for the greater part of the signal 
apparatus now in use is entirely mechani- 
eal, with no electrical connections whiat- 
ever; and such devices present some most 
complicated mechanical problems, On the 
other hand, some of the large recent in- 
stallations of signal apparatus are operated 
and controlled almost wholly by electricity, 
and the number and complications of the 
electrical circuits, both alternating and 
direct current, are most bewildering to one 
unfamiliar with this class of apparatus. 

Broadly speaking, any device used to in- 
dicate to the engine-man, or the motor- 
man, the condition of the track in advance 
of his train is a railway signal. According 
to their function, such signals may be di- 
vided into two general classes; those whose 
primary function is to indicate the condi- 
tion of the switches, or to designate cer- 
tain routes which may or may not be en- 
tered, i. ¢.. interlocking signals: and those 
whose principal duty is to maintain a defi- 
nite space interval between trains travel- 
ling on the same track in the same direc- 
tion, t. ¢, block signals. According to 
their methods of operation, all railway 
signals are also divided into two groups, 
viz.: manually operated, and power oper- 
ated. Each of these general classes might 


be further subdivided, both with respect 
to functions, and operating methods. 

Through the popular press, our atten- 
tion is often called to the fact that the rail- 
roads of England are more completely 
equipped with signals than are those in 
this Country. Notwithstanding this fact, 
it is on American railroads that the highest 
development in the art of railway signal- 
ing has been attained. The rapidity of de- 
velopment on this side of the water may 
be judged by the fact that in 1873, when 
the London & Northwestern Railway alone 
had interlocking plants aggregating 13000 
levers, there was not a single railway in- 
terlocking in use on the American 
continent. Each year now shows = an 
enormous increase in the use of signals in 
this country, but it will be many years 
before our roads will be equipped so as to 
compare favorably. with those abroad, with 
respect to the quantity of signaling de- 
vices in use per mile of track. 

In taking up this subject, perhaps the 
most logical course would begin with the 
consideration of mechanical interlocking, 
which is in many respects the foundation 
of modern railway signaling. At the pres- 
ent time, however, it seems best to first 
take up the matter of block signals, leav- 
ing the more complicated interlocking de- 
vices for future consideration. 

Any system of railway operation in 
which the tracks are divided into sections, 
or blocks, and in which means are pro- 
vided to prevent more than one train from 
occupying any one block at a given time, 
is a block system. Very early in the his- 
tory of railway operation, a need developed 
for means to insure that trains, operating 
on a single track, which was then almost 
universal, should be protected against col- 
lision. About the year 1840, the so-called 
Staff System was originated in’ England, 
and this system, while aot applicable to 
present conditions of high speed and con- 
gested traffic, is unrivaled both for sim- 
plicity and safety. This system in its 
simplest form, consists of a= series of 
wooden or metal staves, on the two ends 
of which are marked the names or numbers 
of two successive stations. ‘The possession 
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of a staff by the engine man gives him 
authority to enter the block controlled 
thereby, and no train can enter the block 
without carrying the staff. As there is but 
one staff provided for a given section, it 
is obvious that only one train can enter 
at a time in case the “absolute” staff sys- 
tem is in foree. This system necessitates 
trains alternating in) direction, with the 
same number going cach way daily. In 
order to permit one train to follow: an- 
other, a modification called the permissive 
staff system was devised, in which tickets 
giving authority to enter the block are 
issued to the engine-man by the attendant 
at any station, provided he has the staff 


erence to these devices will be made in a 
future issue. 

The first electric block signal system 
which in any way fulfilled the requirements 
of modern railway operation, was the tele- 
graphic block system, The first installation 
in this country was on the Pennsylvania 
Railroad between New York and Philadel. 
phia, and the method is still used exten- 
sively, especially on single track lines. In 
this system the road is divided into see- 
tions, or blocks, of the proper length, usu 
ally 1 to 4 miles, and an operator is  sta- 
tioned in a tower at the entrance of these 
blocks, the necessary information for goy- 
erning train movements being transmitted 


Fig. 1. Upper Part of Two Arm Home and Distant Signal 


in his hand. Usually these tickets are kept 
in a box, the key to which is attached to 
the staff which is given to the engine man 
of the last train that is to pass in a given 
direction. Tiven with this modification, it 
is evident that the system is very limited 
in its application, 

This system has recently been brought 
out in a much improved = form, which 
greatly increases its flexibility. There are 
several instruments of this class, known as 
electric staff and tablet machines, in’ use 
abroad, and one such system is being used 
to considerable extent in this country, Ref 


indication to the engine-man is given by 
means of hand operated signals, usually of 
the semaphore type. 

When a block signal is set at stop posi- 
tion, it should not be passed until after the 
train has been brought to rest. As a signal 
can be clearly discerned only at a limited 
distance, depending upon various weather 
conditions, as well as upon the topography 
of the country: it is obvious that if only 
one were provided at each block station, 
it would be necessary for the engine-man 
to approach cach signal at a speed that 
would pernut him te step the train at it, 
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irom block to block by means of the bell 
signals or telegraphic instruments. The 
in case it were found at stop position. In 
order to avoid this difficulty, a second sig- 
nal is installed, called the distant signal, 
which follows the movements of the other, 
called the home signal. ‘The distant signal 
is so located as to enable the engine-man 
to bring his train to rest at the home sig- 
nal in case it be found in stop position, as 
indicated by the distant signal. 

There have becn used, from = time to 
time, various devices for giving to the en- 
gine-man_ the necessary visual indication 
of the condition of the track ahead. For- 
merly, various stvles of banners and dises 
have been used, but the manufacture of 
these has been discontinued in favor of the 
semaphore arm, with the appearance of 
which all are familiar. There are a large 
number of discs and a few banner signals 
still in use, but as they are not considered 
to be good practice, we are at present con- 
cerning ourselves only with those of the 
semaphore type. When such semaphores 
are used, the distant signal is distinguished 
from other signals by the notched or “fish 
tail” end of the blade, while at night, 
lights of distinctive colors are used, so that 
no confusion can arise. 


The distant indication must be given at 
sufficient distance in advance of the home 
signal to permit the engine-man to bring 
his train under proper control; and this 
distance can, in most cases, be made equal 
to the distance between two succeeding 
home signals, and thus place both the home 
and distant signals on the same mast. In 
most instances, in simple block signaling. 
both home and distant signals are placed 
on the same mast to give uniformity and 
to reduce the cost of installation. When 
signals are so mounted on a single pole, 
the home signal arm is placed nearer to 
the top of the pole, with the distant arm 
about 6 ft. below it. 

With the signals above mentioned, it has 
been assumed that each signal arm may 
occupy either of two positions: the stop. 
or horizontal position, and the proceed, or 
inclined position. With a two-arm “home- 
and-distant™ signal it is customary never 
to have the distant arm at proceed position 
when the home arm is at stop position. It ts 
obvious that no confusion can arise from 


this practice, although, under these con- 
ditions, the distant signal does not always 
indicate in advance the true position of 
the corresponding home signal. With such 
an arrangement, it will be seen that each 
two-arm home-and-distant signal gives but 
three indications, viz.: ist. both signal arms 
in proceed position, indicating a clear track 
for two blocks in advance; 2nd. the home 
signal at proceed position with the distant 
signal horizontal, indicating that the block 
about to be entered is clear and the sue- 
ceeding block is occupied, or that the next 
home signal is at stop position; 3rd. both 
arms at stop position, indicating that the 
block must not be entered, except under 
the regulations there in force. The upper 
part of a two-arm home-and-distant signal 
is shown in Figure 1. A complete signal 
of this class, as manufactured by the Gen- 
eral Electric Co., is shown on page 2. 
In these photographs, the distinetive shape 


Fig.2. Three Position Signal 


of the distant signal blade will be noted. 
The shape of the upper or home signal 
blade is not uniform throughout the coun- 
try, as the standards of various railroads 
differ considerably in this respect. 

It is evident from the above, that all 
information conveyed to the engine-man 
by a two-arm home-and-distant signal, may 
be given with equal certainty by a single 
signal arm having three distinctive posi- 
tions; and this brings us to the considera- 
tion of the three-position signal, as dis- 
tinguished from the two-position signal. In 
such signals the stop. or danger position, 
is indicated by a horizontal arm, and the 
clear or proceed indication, by the arm in 
a vertical position. The distant, or cau- 
tionary indication, is given by the arm 
inclined at an angle of 45°. Such a signal 
is clearly shown in these three positions in 
Figure 2. 
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The night indication for signals is by 
no means uniform as regards color, except 
that red invariably indicates stop. The 
best practice for two-arm home-and-dis- 
tant signals displays a red light for the 
stop position of the home signal, a yellow 
light for the stop position of the distant 
signal (caution), and green lights for the 
proceed positions of both. An older ar- 
rangement, and one at present more widely 
used, is a green light for stop position of 
the distant signal, and white light for the 
clear positions of both. With three-posi- 
tion signals the best practice is, red for 
stop, yellow for caution and green for pro- 
ceed, although red for stop, green for cau- 
tion and white for proceed is more largely 
used. The change from white to green 
for the proceed indication is now being 
made by several roads. 

The simple telegraphic block system 
above mentioned does not at all meet the 
requirements of modern railway practice. 
as it depends entirely upon the reliability 
of each individual operator. Any system 
of block signaling in which an operator can 
give a clear signal without the active co- 
operation of another operator, and when 
the block is occupied, is manifestly unsafe. 


The next step in advance, logically, but 
not chronologically. was the so-called con- 
trolled manual system, often called the 
Sykes system, on account of the name of 
its English inventor, Mr. R. W. Sykes. 
Probably the best known installation of 
this kind in this country is that of the New 
York Central & Hudson River R. R. he- 
tween New York and Buffalo. In this 
system the levers controlling the signals 
are locked and released by so-called “lock 
and block” machines, which are controlled 
jointly by the operators at each end of the 
block, and by the moving trains themselves 
through the medium of the track circuits. 
The signals are held normally in stop posi- 
tion, and the joint action of the operators 
in two towers is necessary to clear them, 

With the above facts of a general nature 
in view, we are now in position to consider 
the highest development in the art of block 
signaling, i. ¢., the automatic block signal 
system, This will be taken up in detail in 
the next issue of the Review. 


/ ? be Continued 


INTERNAL COMBUSTION ENGINES 
FOR AUTOMOBILE AND 
MARINE PURPOSES 


Parr II 
By H. S. BALDWIN 


Comparison of Gasoline Motor with Steam Engine 


Hefore taking up the detail construction 
ef the modern four-cyele gasoline engine, 
which is the subject of my talk tonight, | 
would like to make a few general observa- 
tions on the advantages and disadvantages 
of this type as compared with the steam 
engine. 

As the gasoline motor becomes better 
understood and its mechanical details more 
thoroughly worked out, it is forcing itself 
to the front as a motive power for auto- 
mobiles, launches, vachts, and stationary 
purposes. The principal reason for this 
is that the explosion motor, as compared 
with the common type of steam engine, 
offers the great advantage that its fuel is 
burned or exploded directly in the cylin- 
der and the heat energy immediately con- 
verted into useful work: i. e., the genera- 
tor or boiler and engine are one. 

Tests show a thermal efficiency of well- 
designed internal combustion engines of 20 
to 30%, as against 10 to 13% in the steam 
plant. This is at present offset, however, by 
four inherent disadvantages: first, its inabil- 
ity to start under load: secend, at low speeds 
its torque is low: f/7rd, it is impractical to 
change the direction of rotation of the en- 
gine: fourth, it cannot be started without 
compressing the first charge of gas by 
hand-cranking. It is also limited to a 
giver maximum output, 

Its economy of fuel consumption, rela- 
tively small bulk, lack of numerous pipes 
and valves under pressure, and ease of con- 
trol are what give it its high standing in 
the motor world. 

In passing, it ts only fair to steam to 
state that very recent experiments, using 
a two-stage expansion-engine with highly 
superheated steam and heated receiver, 
show nearly the same thermal efficiency as 
is attained in the internal combustion en- 
gine. T doubt however, if these figures 
ean be reached under commercial condi- 
Liens. 

[ will devote the rest of my time to the 
detail construction and arrangement of the 
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four-cycle gasoline engine, under the fol- 
lowing heads: 

Cylinder and crank arrangement. 

Valve setting. 

Carburetor. 

Ignition. 

Materials of construction. 

Management and operation, 

Methods of test. 

Formulas, 


Cylinder and Crank Arrangement 
Each of the following diagrams shows 


the relation of events in four-cycle engines 
having cylinders and cranks arranged ac- 
cording to the more usual practice met in 
explosion-engine design. No attempt. is 
made to show the variation of pressure dur- 
ing the several strokes, but cach is repre- 
sented by a rectangle. The sectioned ree- 
tangles above the lines represent positive 
or useful work, while those below show 
negative effort in compressing the charge of 
vapor, Explosion strokes are indicated Ivy 


section lines, and cach diagram represents 
four complete revolutions, of eight strokes. 

No. 1.) Siagle Crlinder Engine. Seven 
hundred and twenty degrees between ex- 
plosions. Reciprocating parts unbalanced, 
requiring counter-balance. 

No. 2. 7we Cylinder —Cylinders side 
by side, cranks 180 degrees apart, same dis- 
tribution as opposed type, having single- 
throw crank. ‘Two explosions occur in 
succession, followed by two idle strokes. 
Reciprocating parts are partially balanced 
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in first case. but unbalanced in second. 

No. 3. Twe Cylinder.—Cylinders — side 
by side, single-throw crank, same distri- 
bution of impulses as opposed type, having 
eranks 180 degrees apart. In first case, 
reciprocating parts are out of balance, 
while in the second they are very nearly 
balanced. In both cases explosions occur 
at equal intervals. 

No. 4. Three Cylinder.—Cylinders side 
by side, cranks at 120 degrees. Power 
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impulses 240 degrees apart. Reciprocating 
parts nearly balanced. ‘Turning effort fairly 
uniform. 

No. 5. four Cylinder.—Cylinders side 
by side, crank pins No. 1 and No. 4, 180 
degrees from pins No. 2 and No. 3. This 
is the most common arrangement for the 
larger touring cars. Explosions are 180 
degrees apart and mechanical parts are 
very nearly balanced. 


No. 6. Ste Cylinder.—Cylinders side by 
side; one crank for each cylinder disposed 
at angles of 120 degrees around shaft. Very 
uniform turning effort as well as excellent 
mechanical balance. This arrangement is 
becoming more and more popular, for large 
touring cars, on account of its smooth run- 
ning qualities. 

No. 7. Ste Créinder.—Three cylinders 
opposed to other three. Crank-shaft has 
three throws, 120 degrees apart, with two 
connecting rods on each pin. Same re- 
marks as for No, 6. This arrangement 
takes up less room fore and aft, but. in- 
volves horizontal evlinders, 

On the smaller touring cars and run- 
abouts, either the single cylinder horizon- 
tal engine, or the double opposed with 
cranks at 180 degrees, ts usually used, the 
latter being preferable. 

There are other combinations of evlin- 
ders and cranks, as, for example. eylin- 
ders placed at an angle of 90 degrees or 
less, but the ones shown and = described 
are those most emploved for automobile 
work, 

An interesting evlinder arrangement is 
that frequently employed in, large gas-en- 
gine practice of to-day, and while it is not 
strictly pertinent to the subjeet. a short 
deseription may not be out of place. As 
has already been stated, small gasoline en- 
gines are invariably single acting, having 
only one power stroke, for each cylinder, 
for every four strokes of the piston. This 
effect is only partially corrected by the 
use of multiple cylinders. In modern gas- 
engine units of large powers it has been 
found possible and practicable to not only 
water jacke! the cvlinder walls, but  pis- 
tons, piston rods, valve stems and heads, 
and in fact all moving parts subjected to 
the heat of combustion. Since these mem- 
hers can be kept at a moderate tempera- 


ture, lubrication is possible and a way is 
opened for the double-acting gas engine. 
By arranging two double-acting cylinders 
in tandem with cross head and_ single 
crank it is immediately apparent that 
every stroke of such an engine may be a 
working one, and that it closely approxi- 
mates the conditions met in a single cvl- 
inder double-acting steam engine. 


Valve Setting 

The subject of valve setting is an inter- 
esting one and a few words regarding it 
may not be out of place. It is almost 
universal practice in explosion-engine de- 
sign to operate both intake and exhaust 
valves by properly shaped cams. ‘These 
cams have their working faces disposed 
at certain angles which give the desired 
duration of valve opening. In addition to 
the above, the peaks of the cams are 
formed with small or large radii, accord- 
ing as sharp or gentle valve operation is 
required. While the face angle of the 
cam regulates how long the valves shall 
remain open or closed, its angular position 
with relation to the crank determines when 
these events shall take place, Jt would 
be perfectly natural, for one who had net 
considered the subject carefully, to assume 
that explosion-engine valves operate when 
the piston is at each end of the stroke. 
This is not the case, however, as it has 
been found necessary in practice to keep 
the exhaust valve open as long as possible 
—220 to 240 degrees—in order to thor- 
oughly seavenge and as much as possible 
cool the cylinder. The intake valve is al- 
lowed to remain open from 165 to 210 de 
grees. 

T have prepared the following table from 
data, which | have collected, for the pur- 
pose of illustrating more clearly the fore- 
going remarks. It should be noted that 
the intake valve in most cases opens and 
closes well past the top and bottom centre 
respectively: in other words, it is given a 
certain amount of lead. 

Name of Engine 


A. Maudscley Motor. Six Cylinder. 
s50 R. PLM. go” x9”. 

Bh. “Speedway Motor.” 
Four Cylinder, 

C. Olds Runabout. 
Single Cylinder. 
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D. General Electric Co. Four Cylinder. 
goo R. P. M. 6% x6", 

kK. Gas Engine and Power Co. 
Four Cylinder, 6% x 6". 

FP. Electric Vehicle Co. 
Four Cylinder, 5x 5”. 

G. Wolseley Motor. Six Cylinders, 
430 RL PLM. 9% x 10%, 

Il. General Electric Co, 
Kight Cylinders. 8s 7”. 


Table of Crank Angles 


ABC DEF GH 
ixhaust opens ahead bet- 
tom centre 


43 40 38 40 40 45 38 40 


Exhaust closes past top 

centre Ahead 4 610 81015 5 O 
Intake opens past top 
centre 27 12 19 10 020 23 9 
Intake closes past bottom 

contre . 3114 5 16 20 SO 27 30 
Carburetor 


We have deseribed many of the fuels 
used in’ explosion-cngines, now let us see 
haw they are employed. Take, for exam- 
ple, gasoline vapor. Ia order to render it 
explosive it must be mixed with a certain 
percentage of air, and the ratio of gas to 
air determines its effectiveness. Dy com- 
pressing a given mixture of finely divided 
gasoline and air it is more readily ignited 
in the explosion chomber of the engine and 
a high initial pressure ts obtained, but i! 
should be kept in mind that compression 
does not increase the total heat units of a 
definite volume of gas, consequently it 
does not increase the total foot pounds of 
work it can do. Compression simply 
causes the energy of the gas to he given 
out more rapidly with less waste, which 
is what is required in the explosion motor. 

This table will show you the explosive 
efieet of various mixtures of air and gaso- 
line vapor at different pressures: 

Time in secs Explesive force in the, Temperatare of 
finenline bet. ignition peer sqnare neh, (opabmation im 
Vapor and highest Degrees Pal. at 


and Alr Pressare at a ee Ateeeapherie 
Atmoaphere Atmospheres Peas tere 


“ ‘ 5 


Aetual Theoretical 
lte ls O28 166 BS 2 LS75 = 3,542 
lite ll O§<18 183 244 35 2196 4010 
lie 9 O13 234 312 390 2803 4.80 
lto 7 007) 26) 348 435 3.19) 6.ON 
lite § 005 270 36) 450 3.226 6.854 
The device used for mixing gasoline 

vapor and air is called a carburetor. ‘The 

earliest form of carburetor was that of 


Daimler, which was of the surface type 
used by him in 1885. It consisted of a 
cylindrical tank partly filled with gaso- 
line through which air was caused to pass 
by the suction of the engine to which the 
carburetor was attached, Means were pro- 
vided to compel the air to bubble through 
the same depth of gasoline, irrespective of 
its height in the tank. Otherwise you will 
readily see that, according as the level 
dropped, the amount of gasoline vapor 
carried by the air would vary consider- 
ably. ‘The principal objection to the sur- 
face carburetor was that the more volatile 
vapor was given off first, leaving a thick 
residue in the form of less casily vaporized 
oil at the bottom of the carburetor. This 
caused much loss of gasoline and gave 
very irregular and unsatisfactory results 
in the operation of the motor. Neverthe- 
less, the early DeDion tricycle and many 
automobiles employed this kind of carbu- 
retor. In fact, it was the only type known 
until Maybach, in 1893. invented the float 
feed carburetor. ‘This. in) widely varied 
form, is the one most ured to-day. 

It consists of a small chamber containing 
a very light float which operates a valve 
to prevent the entrance of gasoline after 
a certain level has been reached. ‘Thus it 
is often called the constant level carbu- 
retor. 

Connected with this chamber, by a pas- 
sage, is a nozzle having a small opening 
at the same height as the gasoline level in 
the chamber. Above and around the jet 
are baffles to break up or vaporize the 
liquid gasoline as it comes through. At 
one side of the jet is an opening to allow 
air, usually warmed, to mix with the va- 
por. Another opening allows the mixture 
of gasoline and air to be sucked into the 
explosion chamber of the engine. 


You will sce that the float feed carbu- 
retor gives uniform conditions of nead of 
gasoline at all times, and as it receives the 
oi from the bottom of the supply tank 
there is no heavy sediment left, as was the 
case in the surface type. The gasoline usu- 
ally runs by gravity until the float shuts 
it off, but in many automobiles it has been 
found convenient to place the main fuel 
tank below the level of the carburetor, and 
in such cases it is necessary to use the 
Mercedes pressure valve, which gives, dy 
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a shunt pipe from the exhaust, a pressure 
of two to three pounds per square inch, 
which is sufficient to force the gasoline 
up into the carburetor. There are several 


other devices used for this purpose. 


A valve is provided so that the mixture 
of gas and air can be varied to suit given 
conditions of temperature and atmosphere. 

Another valve, called the throttle, regu- 
lates the amount of mixture entering the 
engine, and this serves to regulate the en- 
gine speed, very much as does the throttle 
of the steam engine. 

Only a few years ago the Krebbs car- 
buretor of this type came out, embodying 
a new and valuable principle in carburet- 
ors; namely, the automatic variation of 
the quantity of air in accordance with the 
motor speed. ‘To-day all good carburetors 
have some such features. 

The reason for the above is that in 
starting an explosion engine using a liquid 
fuel, in order to have a standard mixture 
it is necessary to reduce the air intake: 
as the engine speeds up, however, the in- 
take opening should be increased. ‘This is 
necessary on account of the fact that the 
suction of liquid gasoline through an open- 
ing follows the law of liquids, whereas air 
follows the law governing gases. If, in- 
stead of liquid, a true gas were employed, 
then both components of the mixture 
would follow the same law and_ preserve 
a constant ratio throughout all variations 
of velocity. 

There is one other type of carburetor 
used in connection with two-cycle engines, 
called a mixing valve, In simple terms, it 
is nothing more or less than a check-valve 
with the valve so arranged as to permit 
the entrance of a small amount of gaso- 
line when it ts sucked open, or, more cor- 
rectly, when it is opened by atmospheric 
pressure. [In the mixing valve, means are 
provided for varying the amount of gaso- 
line which enters, usually a small valve. 
Needless to say. this device is somewhat 
crude as compared with the very complete 
float-feed type, but it serves the purpose 
of the two-cycle motor on account of its 
simplicity and rugged construction. It is 
also much cheaper to manufacture. Never- 
theless, the float type of carburetor is being 
more and more used for two-cycle engines 


on account of its economy in the use of 
gasoline, 
Ignition 

Now that the charge is properly mixed, 
let us assume that it is in the explosion 
chamber of the engine under 80 to go 
pounds compression and the problem be- 
fore us is to ignite it. In the early engines 
a closed platinum or iron tube was con- 
nected with the explosion chamber. This 
tube was externally heated to a high tem- 
perature by means of a Bunsen burner. 
When the charge of gas was highly com- 
pressed by the piston, it was forced into 
the tube, whereupon it ignited slightly be- 
fore the end of the compression § stroke. 
‘The hot tube device has now been aban- 
doned, as it does not allow of regulating 
the time of ignition, which is highly essen- 
tial in gasoline motors. One of its defects 
was that of pre-ignition, caused by the 
tube being clogged with dead or burned 
gases. 

At the present time ignition is produced 
by two electrical systems; one called the 
high tension or jump spark, the other the 
low tension or make-and-break. Both de- 
pend on an electric spark or arc, and it is 
hard to tell which is the more popular. 
From a comparative table which I pre- 
pared a short time since it appears that 
most of the prominent cars abroad and 
many in this country use make-and-break 
ignition. On the other hand, the great 
majority of American cars have the jump 
spark, 

In some ways the make-and-break sys- 
tem is preferable, so I will describe it first. 

A contact device within the explosion 
chamber is mechanically operated from 
without so that the electric circuit is first 
made, then opened, just at the desired in- 
stant, causing an intensely hot are to be 
drawn, which ignites the gas. It is neces- 
sary, of course, to insulate one of the con- 
tacts from the other and this is done by 
mica tubes or discs placed about the sta- 
tionary contact. Current is generally sup- 
plied by magneto, which should be so 
connected to the engine as to give the 
maximum voltage at the proper time. If 
the magneto be -used in connection with 
a four-cylinder engine, it should run at 
the same speed as the crank-shaft, and it 
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is highly desirable that the armature be 
advanced and retarded with the spark cams 
in order to at all times obtain the greatest 
output. 

Storage or primary batteries should be 
used with make-and-break ignition when 
the magneto armature has a fixed relation 
to the crank-shaft of the engine, which 
practice is generally followed by builders 
on account of its simplicity. The current 
supplied by the magneto is alternating, of 
100 to 125 volts on open circuit and two 
or three amperes at the time of break. It 
is an actual fact that more power can be 
obtained from an engine with the make- 
and-break system than with the jump- 
spark, also that the time of ignition does 
not need to be advanced so many degrees, 
as the spark is made instantaneously with 
the break. The contacts within the evlin- 
der are sometimes made of platinum and 
iridium, which alloy resists intense heat. 
There are several other marked advantages 
in the make-and-break system, namely, 
freedom of spark rigging from injury 
caused by soot, excessive oil, or moisture. 
The wiring in connection with this system 
is extremely simple, consisting of only 
one wire leading from the armature, the 
magneto itself being mounted on the en- 
gine. You will note that the voltage is 
low, so that no unusual insulation is neces- 
sary to prevent leakage. 

Now let us look into the jump spark sys- 
tem. A current of about 14 amperes, at 
approximately six volts pressure, is sup- 
plied by battery, either primary or sce- 
ondary, to the primary circuit of an in- 
duction or Ruhmkorff coil. A commutator 
or timer which is operated by the engine 
makes the circuit between the battery and 
coil at the instant a spark is desired. The 
commutator has as many contacts as the 
engine has cylinders, and serves, not only 
to economize the electric current, but to 
cause the spark whenever it is wished. 

Timing the spark is accomplished by 
moving the commutator so as to advance 
or retard ignition, You probably all know 
that an induction coil has a vibrator which 
when it breaks the circuit causes a sudden 
reaction or magnetic flux in the iron core 
and produces an induced circuit of very 
high voltage of perhaps 10,000 to 20,000. 
Of course, the current of the secondary 


circuit is almost nothing. The secondary 
winding of the coil is composed of a great 
many turns of the finest wire, one end of 
which is grounded, the other being con- 
nected with an insulated plug called a 
spark-plug. The spark-plug has two points 
of platinum placed about 1-32” to 1-16" 
apart and the high tension current jumps 
across them whenever the commutator 
causes the primary circuit to be closed. 

There are two objections to this) sys- 
tem, one, the very great care necessary to 
prevent leakage of the high tension cireuit, 
the other being batteries which discharge 
rapidly and are a source of constant trou- 
ble. 

What ts called a high tension magnete 
may now be used instead of the battery 
This consists of a low tension magneto, 
run by the engine, the current of which 
flows through the primary coil of a trans- 
former, This induces a current of high 
tension which is distributed by a special 
device giving correct timing of the spark 
for each cylinder. A low tension timer is 
also necessary. ‘The objection of high 
voltage exists even with this arrangement. 


Materials of Construction 


TENSILE AND ELASTIC LIMIT REQUIREMENTS OF MATE 
RIALS FOR MODERN GASOLINE ENGINES 


ALUM ENUM, 

Maximum Strength 250 Ibs. per square inch. 

Elastic Limit 16.00) ibs. per square inch. 
PARSONS MANGANESE BRONZE. 

Maximum Strength 70000 lbs. per square inch. 

Elastic Limit 30.090 tbs. per square inch, 
HERCULES GOVERNMENT BRONZE 

Maximum Strength 44.00) Ibs. per square inch. 

Elastic Limit 32,090 ths. per squire inch, 
MALLFARLE TRON, 

Maximum Strength 40,000 Ibs. per square inch. 
GEAR CASE METAL. 

Maximum Strength 380 Ibs. per sauare inch. 

Elastic Limit 23.0%) ths. per squire inch, 
CHROME NICKEL STEEL (HEAT TREATED). 

Maximum Strength 210.009 Ibs. per square inch. 

Elastic Limit 155,00) Ibs. per square inch 
CHROME NICKEL STEEL (NATURAL). 

Maximum Strength 90.000 Ibs. per square inch 

Elastic Limit 65.000 Ibs. per square ineh. 
NICKEL STEEL (HEAT TREATED). 

Maximum Strength 130,000 lhs. per square inch. 

Elastic Limit 100,000 Ibs. per square inch. 
NICKEL STEEL (NATURAL). 

Maximum Strength 85.000 Ibs. per square inch. 

Elastic Limit 65,000 Ibs, per square inch. 
NO. 4 STEEL FORGING. 

Maximum Strength 70.090 Ibs. per square inch. 

Elastic Limit 40,000 Ibs. per square inch. 
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STEEL CASTING (STANDARD MEDIUM), 
Maximum Strength 75,000 lbs. per square inch. 
Elastic Limit 40,000 Ibs, per square inch. 
CAST IWON (STANDARD MEDIUM), 
Maximum Strength 21,000 lbs. per square inch. 


Management and Operation 


The best and quickest way to learn the 
gentle art of operating explosion engines is 
to get in touch with them from a practi- 
cal standpoint, Ji one be of an observing 
turn of mind, he will quickly acquire 
knowledge, but he should be careful not to 
have it f¢hrust upon him, as might be the 
case if an attempt were made to start an 
engine without first retarding the spark or 
time of ignition. Not all of us, however, 
have explosion engines available for ex- 
perimental purposes, so I will devote a 
few words to this subiect. 


It should be explained that when a motor 
is running at normal speed, the ignition 
spark is set to oceur somewhat ahead of 
the end of the compression stroke. At 
such time the spark is said to be “ad- 
vanced,” in other words, moved back 
against the direction of rotation of the en- 
gine. In order to increase the speed still 
further, the spark is first “advanced,” after 
which the throttle should be opened corre- 
spondingly. Tt should be kept in mind that 
spark position is a function of speed. In 
some engines the point of ignition is regu- 
lated automatically by governing appara- 


tus depending on engine speed. In ex-” 


planation of the above attention is called 
to the fact that an appreciable time is re- 
quired for a compressed charge of vapor to 
ignite. The spark and maximum point of 
explosion pressure are not simultancous, 
You will note that at high rotative speeds 
the spark must be advanced in order to 
compensate for the higher angular velocity 
of the crank, which tends to carry the pis- 
ton farther on its working stroke, before 
the vapor charge has time to explode. Tf 
under these conditions the spark were not 
advanced. you will readily understand that 
much power would he lost, since work 
would be performed through only part of 
the piston stroke. Care should be taken 
not to advance ignition too far or the ex- 
plosion will occur before the piston has 
reached the top of its stroke, causing loss 
of power and knocking. 

When large power is desired, reasoning 


backward from the above facts, it is clear 
that the spark should be somewhat re- 
tarded, since the engine speed will be less. 
At such times the throttle should be well 
opened, 

Beginners sometimes fail to retard the 
spark before turning the starting crank, 
and in sttch cases it frequently happens 
that a wrist or arm is broken. 

When running a motor light with ignition 
retarded, the mixture should be throttled as 
much as possible to prevent overheating. 
A good rule to remember, when there is 
any uncertainty as to which way to move 
the spark lever in order to retard ignition 
is to shift it so that the timer moves in the 
same direction that the cam shaft rotates. 

In hill-climbing the spark should be re- 
tarded, but not so far as to cause knocking. 

Lubrication is most important, and be- 
fore starting an engine the operator should 
make sure that there is a plentiful supply 
of the right kind of oil and that all pas- 
sages are clear, so that no part requiring 
lubrication shall be slighted. 

Most engines to-day are water-cooled, 
Special attention must be given to the 
water-supply and circulating system. A 
stoppage of water is likely to cause scoring 
or tearing of the evlinder walls which will 
ruin the engine. When an engine has by 
mistake been run without water, it should 
be allowed to cool slowly. and under no 
circumstances should cold water be turned 
into the jackets. Such procedure would 
cause a cracked cylinder with attending de- 
lay and expense. 

Much more data might be added to this 
subject if time allowed; the above points, 
however, give a fair idea of the more gen- 
eral features. 

Methods of Test 

Many kind of tests can be applied to 
the explosion engine for the purpose of 
ascertaining or analyzing effects in any 
of its parts or in the machine as a whole. 
Of these, two are the most important: one 
a test to learn what is taking place in the 
evlinder during complete cycles; the other 
a test of output or effective work. Both 
tests are of greatest interest and value to 
the designer; the latter is of more signifi- 
cance to the purchaser; but if he obtain 
large power and smooth, economical oper- 
ation of his engine it is because the en- 
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gineer has correctly interpreted his tests 
of conditions of pressure within the cylin- 
der. 

What follows is quoted directly from a 
pamphlet issued by the maker of the Hos- 
pitalier-Carpentier Manograph. This is 
a comparatively new device and is much 
used abroad by the great automobile com- 
panies. It has aroused considerable inter- 
est among American engine manufacturers, 
and our own company has purchased a 
Manograph for experimental purposes. 

“The Manograph has been constructed to 
furnish indicator diagrams of motors, in- 
ternal combustion machines, or steam en- 
zines of high speed. 

“Every one knows the importance of a 
pressure diagram for the purpose of study- 
ing the actual conditions in a heat motor 
during the cycle of operation. At the time 
when the first engine was invented, Watt 
recognized the necessity for some instru- 
ment to accurately determine the pressures 
in the cylinder at all times, and invented 
one which bears his name to this day. This 
instrument, while giving satisfactory re- 
sults on slow-moving engines, is inade- 
quate when those of high speed are to be 
tested, owing to the inertia of the parts of 
the instrument, 

“To get around this difficulty, Messrs. 
Hospitalier and Carpentier have invented 
an indicator (the Manograph) in) which 
the movable parts are of such small weight 
that inertia is practically eliminated, par- 
ticularly the index which traces the dia- 
gram has no weight, as it is merely a ray 
of light. 

“The ray of light made use of in the 
Manograph is produced by a small acety- 
lene lamp supported by the apparatus, and 
traces the outline of the diagram on a 
plate of roughed glass after having been 
reflected from a little mirror. This mirror 
is the soul of the apparatus. Resting on 
three points, of which two are movable, it 
receives from the latter motions which 
show themselves by the displacement of 
the luminous point on the sereen, so that 
the deflections of the two movable points 
are at right angles with cach other, the 
three points forming a right triangle the 
fixed point being the apex’ of the right 
angle. One of the movable points is con- 
trolled by a diaphragm acted upon by the 


pressure of the gas from the cylinder; the 
other is controlled by a device which re- 
peats on a reduced scale the movement of 
the piston. One can therefore easily un- 
derstand that the composite displacement 
on the screen forms the outline of a pres- 
sure diagram. This diagram cannot be 
perceived by the eye in its entire length. 
except it be completed in less than 1-10 
of a second, which is the maximum dura- 
tion of a luminous impression on the retina. 

“Since the diagram of a four-cyele motor 
corresponds to two complete revolutions of 
the same, it is evident that the curve can 
only be observed in a satisfactory manner 
on motors making more than 20 revolutions 
per second, or 1,200 revolutions per minute, 
Iielow these speeds the diagram ought to 
be received photographically.” 

So much for internal phenomena. 

The brake horse-power of an engine— 
Bb. H. P—may be obtained by any one of 
several forms of absorption dynamometer. 

The simplest is the Prony brake, with 
which you are no doubt familiar. Owing 
to the irregular and intermittent turning 
efforts met with in the explosion motor, 
the Prony brake has been found unsatis- 
factory. Occasionally the rope brake is 
employed, but each of the above devices is 
open to the objection that the load cannot 
he kept constant. 

Professor Webb, of the Stevens Insti- 
tute, suggested a water brake, which is 
used by the Bliss Company in testing en- 
gines of torpedoes for the United States 
Navy. It consists of a smooth metal disc 
revolving in a casing partially filled with 
water. The casing is suitably mounted on 
bearings having little friction, and is at- 
tached to a weighing-scales or spring bal- 
ance which records the pull or torque. 
When the dise is rapidly turned by the 
engine, the water in the casing is thrown 
outward, forming an annular ring. Work 
must be done to overcome the skin friction 
of the disc, and this may be easily meas- 
ured, 

The Standard Motor Company uses a 
liquid brake which depends on throttling 
the passage of water between the suction 
and discharge of a small gear pump. 

The pump is connected to a scales so 
that the effort of the casing to revolve is 
resisted and measured by a spring balance. 
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If a metal disc be revolved in a magnetic 
field, eddy currents are set up tending to 
restrain it. This effect may be illustrated 
by reference to the damper dise of the 
Thomson Recording Watt-meter, which of- 
fers a very good example of the phenome- 
non in question, A dynamometer has been 
devised along this line, and as the field 
strength may be easily regulated and the 
resulting torque measured it should be a 
very effective piece of apparatus. 

Electric generators are frequently used 
to absorb the energy of explosion engines, 
but there is always more or less uncer- 
tainty as to the efficiency of the generator, 
which varies with the load. Electric dyn- 
amometers have the great advantage over 
mechanical ones, that the output can be 
very easily and accurately read by the 
use of voltmeter and ammeter. 

The objection of variation raised against 
the generator brake is met by the cradle 
dynamometer used in the Lynn Works, 
also by the French firm of Panhard-Levas- 
sor and others. Here the magnet frame of 
a generator of suitable size is mounted on 
anti-friction bearings. The armature is 
directly coupled to the crank-shaft of the 
engine; means are provided to mechanically 
balance the magnet frame and field wind- 
ings, also to measure the tendency of the 
frame to revolve. Here the error, due to 
the use of a generator of standard form, is 
overcome, and at the same time the method 
of electrical control is retained. 

All the foregoing braking devices, as you 
will readily understand, will approximate 
the same results, namely, the useful work 
that a given explosion engine can deliver. 
They differ only as to accuracy, ease of 
observation of results, and cost of appa- 
ratus. 

Formulas.— Horse Power of Four-Cycle Motor 

PD = Dia. of Cylinders. 

S = Stroke of Cylinders in inches. 


Vo = Number of Cylinders. 
R = Revs. per Minute. 
R ee : 
4» = Working Strokes of 4-cycle Motor, 
T 
T8554 = 4 


12’"=> 1 Ft. 

33000 Foot Pounds in H.-P. 
./ = Mean Effective Pressure. 
-/ = Eff. of Mech. Parts. 


(D*x .7854) x = x : xM 
- y _ > 
asna0 NxE=B.HLP. 


Substituting Constants 


s R M.ELP. Ef. 
DX TRAX 1, XY XBOX NV X.85 
ane =B.H.P. 
33000 


IYKS*XRX NX (0007=B.H.P. 
Using 80% eff. above formula becomes 
DPRS*XR& N& 0000635 X BLH.P. 


Prony Brake 


/, = Length of brake arm in ft. 
NV = Revs. per min. 
/? = Lbs. pull. 
27 ZL x N x tis 
> — 
a ig 33000 


Calculation for Compression Space for a Given Com- 
pression 


?1* constant. 
Assume 80 Ibs. compression is desired: 
PY Som 7 Ye, 

/ = Absolute initial pressure in at- 
mospheres. 

1’, = Total volume of clearance plus 
eylinder volume taken as 
unity. 

& = 1,35 Average value for gasoline, 
vapor and air. 

/, == Absolute compression pressure 
in atmospheres. 

1°, = Compression volume. 


When suction inlet valves are used the 
initial pressure is taken at .75 absolute 
pressure. 

When mechanically operated inlet valves 
are used .{4) of absolute atmospheres is used. 

Then /’,= 80 Ibs, per sq. inch (5.45 atmos- 
pheres) plus one atmosphere=).45 absolute 
atmospheres, 

oe SA ae Gee eee 
ot 07) MD Sat 6 et 


a(oo) 


Log |’, =0.74 Log 0.14 
Log I, =0.74X0.1461—1. 
I, =0.234, which in this case is per 
cent.of volume swept by piston 
plus all clearance space. 


=? 
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Part II. 


By EUGEN EICHEL 


The description of some of the plants 
that have been in actual operation for sev- 
eral years will afford an opportunity to 
present some additional details of hoisting 
engine equipments of the flywheel con- 
verter type. 

A large plant showing interesting feat- 
ures of the development of the improved 
system, is that at Pit Zollern II. This 
plant was laid out in Irgo0I to 1902 as a 
straight D.C. proposition, and was one of 
the first German mines to be operated 
electrically from one central power plant. 

The two 1100 kw., 90 r.p.m., 525 volt 
engine driven D.C. generators, are sup- 
plied with superheated steam from the ad- 
jacent boiler house, and fuel is furnished 
as waste gas from the nearby battery of 
80 coke ovens. On the other hand, the 
electric generators furnish the power for 
the coke oven auxiliary machines and the 
coal washing and sereening plant, which 
has a daily output of 2200 tons. Further- 
more, they supply the two 270 h.p. main 
fans and the two 420 h.p. air compressors 
for the operation of the mine, The rear 
part of the machine room contains the 
electric hoist, space being provided for an 
additional hoisting engine unit. 

The hoisting engine is of the Koepe Dise 
type, and the 19.8 ft. dise is direct driven 
from two 750/1400 h.p. D.C. motors, 

For control, it was proposed to use a 
combination system comprising a_ slight 
amount of starting resistance, series-paral- 
lel control of the two hoist motors, and 
voltage control by means of a four group 
500 Amp.-one hour discharge storage bat- 
tery. Assuming that the acceleration re- 
quired to start the masses is constant dur- 
ing the starting period, the starting losses 
would be represented approximately bv the 
shaded triangles on the left hand side of 
Fig. 13. ‘The decrease in rheostat losses 
during the acceleration period, is graph- 
ically shown in the three diagrams as 
follows: 

“A” the energy and speed diagram of a 
motor driven hoist, the motor in this case. 
being operated with plain rheostatic con- 
trol. 


“Bb” a similar diagram for a_ hoist 
driven by two motors which are operated 
in series-parallel connection. 

“C” the diagram of a hoist the speed 
regulation of which is effected by means 
of battery control, the storage battery be- 
ing divided into four groups in order to 
obtain four running potentials without en- 
ergy losses in starting rheostats, 
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Fig. 13. Energy and Speed Diagrams 


(A) Rheostatic Control, 
{B) Sertes Parallel Control, 
(C) Potential Control, 


Some of the apparent objections to this 
method of using straight D.C. and series- 
parallel control are as follows: 

The desired flexibility claimed for the 
electric system is offset, since the cost of 
the necessary copper in D, C. cables and 
connections limits greatly the distance be- 
tween power house and hoist motors. This 
is proven by a large hoisting engine in- 
stalled at Grangesberg, Sweden, which is 
direct driven by two 500 h.p., D.C. motors. 
Its operation from a power house 17.5 
miles distant is made possible only by the 
use of a high tension A.C. transmission 
system and the installation of a 7000 volt 
two-phase, 550 volt D.C. motor generator 
unit installed near the hoist. 

When using series parallel and battery 
group control, it requires very heavy con- 
trolling apparatus for the safe handling of 
the large main current. ‘This means not 
only high investment cost, but also high 
maintenance cost, due to the wear of the 
large number of main contacts. Further- 
more, the speed increase is not effected 
smoothly, but in steps, which decreases 
the quict running as well as the life of 
the rope. 

The original design of the Zollern II 
hoist included a starter consisting of a 
large pneumatically operated commutator 
type contact arrangement for the oil im- 
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Hiersed) titetal resistamee.  Tlowever, this 
comirad equipiient and the storage battery 
ms how considered as reserve only and is 
tiscul principally for Sunmeay, holiday, and 
sth other Jight service as requires the 
lewwewtngs aed oraisimge of a few men and 
repair gainge material Sinee tyo3 the main 


Fig 14 44 Ton Fly-wheel, Pit Zollern NN 


service las been operated Ty means of a 
Hwwheel motor generator consisting of a 
soo bap, 350 300 rop.tm. slumt motor, a 44 
ton tawheel of 03 ft. diameter, amd a 550 
volt DAC. generator, ‘Phe hitter is) pro 
vided with commutating poles, and is able 
to furnish up te sooo amperes during the 
starting ot the betst) raters. 

Pies ty ts a vecw oof the thywheel con- 
verter, ath) alsa shows the vers interesting 
s]iye regpubaten Since othe power house 
trata utes ate DAC generators, the driving 
troter of the Uvwheel converter is a D.C 
teavlone. Therefore it is simply necessary 
tao wperate the field rheestat of the moter 
i oorder taoobtuma the ieerease tn speed 
Which itlows the fay wheel to give up its 
stored gnerey lis copsbor tee celeteeten cutttes 
thetic opetiattam, arm aeustable relay is i 
serteal de the ii eimremet between gene 
Pater armature ae Test peter araiibeare 
Vlas refas cnergeces cite er the other of 
twee ocleetroe tanetie clutelres. ail these 
OTD Geeniweet oa tt nesteimsstear tee the Hels 
tHyeerntiad dover Vlios traaressaisstea as Delt 


HaWheel gemyerter shatt 


Tyo efits raul Tatty: te tart rool, tire 
Tht tee vars ther desert i chock 

Sy | i ' theta thre elaer claiwh 
CBLEERtey Aix badigg ScecDitaktoRan 


Fig, 15 shows the current conditions as 
caused by the use of the flywheel con- 
verter. “The very smooth and slight! 
fluctuating curve around the 400 ampere 
line, shows the amperage input of the 
motor of the flywheel converter, while the 
heavily fluctuating curve is the amperage 
input of the hoist motor. ‘The heavy peaks 
rising up to 00 amperes indicate the 
starting current: the shoulders at about 
goo amperes, the free running period; the 
Nepative peaks, reaching to 1000 ampertes. 
the retardation. (these indicate the back 
feeding and storing of regained energy in 
the flywheel of the converter); the three 
positive peaks of short duration show the 
setting of the three floor cage. While this 
diagram is instructive in showing the high 
commutating quality of the converter gen- 
erator it is somewhat misleading regarding 
the kw. consumption. The upper diagram 
of Fig. 15 gives simultancous current and 
potential conditions during one hoist evele 
of a hoist installed at Mine Friedrichshall, 
Starting from the right hand corner we see 
the full line rising steeply to almost 800 
amperes, after which it drops within a few 
seconds to 600 amperes, then decreases tu 
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Fu 15. Operating Curves, Pit Zollern [1 and Friedrichshal! 
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lowed by the positive peak indicating the 
setting of the cage. Following the dotted 
line which represents both the potential 
and speed of the hoist) motor, we notice 
that speed and potential are gradually in- 
creased while accelerating and remain con- 
stant at the free running period; dropping 
yradually during the retardation and being 
almost zero at the time of the heiwy am- 
pere peak caused by the setting of the cage. 

The disadvantage of unsteady load, and 
its influence on the 24 hours service of 
hoisting engines is shown in the lower 
diagram of Fig. 15. While the use of 
the fywheel equalizes the load fac- 
tor of the power house, and the applica- 
tion of the Ward-Leonard Control does 
away with the large rheostatic losses, the 
following are inherent in the flywheel con- 
verter service :— 

i) Comparatively high bearing and 
windage losses, due to the heavy flywheel 
operated at high speed; noload loss in’ the 
continuously operated motor, 

2) Rheostatic losses during the opera- 
tien of the slip regulator, 

3) Generator and exciter losses. 

The losses under item tf are of special 
importance if the mine is operated in such 
a manner that only a few lifts per hour 
are required, or that fast hoisting takes 
place during only part of the 24 hours per 
day. while littl or no hoisting is done 
during the remaining part of the day. It 
is evident that during fast hoisting periods, 
the noload losses represent a small aver- 
age part of the total current consumed for 
actual lifting, while on the other hand. 
when only a few lifts are made per hour, 
the addition of the noload loss added in- 
creases considerably the total current con- 
sumption to be charged against these few 
lifts. 

The lower diagram, Fig. 15. repre- 
senting conditions at Mine Friedrichs- 
ball, shows. for instance that — it 
requires oa total of 33 kw.-hrs to 
hoist 10 times per hour, or 3.3 kw.-hr. per 
lift: while it requires only 7o kw.-hrs. to 
hoist 40 times per br. or 1.75 kw.-hr. per 
lift. ‘To quote another example. The ac- 
tual steam consumption tests during a 24 
hour service in the above mentioned Zol- 
lern TL plant showed the following condi- 
tions: 
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General Power load of Power 
house; kw.-hr...........- (9016.3 TIS2 F507) 4770.79 


*Hoisting Plant: total kweli 2192.07) S106)  IST7.Is | 55218 
Coal Raised; loug tons...... | 1500 700 


Water Consumption, Ihsx....) 16782 T2800) Lata | one 


Water Consumption per. 


kw.-hr., Iha...-.-..5 «.6- | ws 1m Tee 42 
EAT. bop.-he.. on shaft... 1562.00 05 BO. 2.00 


Current Consumption per 
effective huop.-hr. on 


shaft, KW.-r.... cee cee ees) | 1,988 6a 1.596 601 


Steam Consumption per 
effective hep-br on 
shaft; Ibs...... cavebueden 23574 1t4IS 29145 122.70 


*Converter Motor, input, 
ixeitation of converter generator, 
Excitation of Hoist Motor, 
Air Compressor for Brake. 


While the steam consumption per shaft 
h.p.-hr. when hoisting fast (ic. 1500 tons 
during the 8 hr. morning shift) amounts to 
23.574 Ibs., the average steam consumption 
per effective h.p.-hr. during the 24° hr. 
service (including power consumed for 
hoisting men, timber and tools, inspecting 
the shaft, ete.), amounts to 31.2907) Ibs. 

The 24 hour efficiency in plants operat- 
ing, say, two 8 hour shifts fast, and the 
8 hour night shift very light, can be con- 
siderably increased by rendering the fly- 
wheel independent of the motor generator. 
It is the latest practice in such plants to 
provide flywheels which are supported by 
two independent bearings and are con- 
nected to the motor generator by means 
of flexible disengaging couplings. 

Fig. 16 is such machine comprising a 
flywheel and a twin motor generator set. 
During night shift, the flywheel is un- 
coupled and heavy fluctuations on the 
power house, when operating without the 
flywheel, are avoided by decreasing the 
operating speed and the acceleration about 
50 per cent. This is not objectionable on 
account of the few trips required. 

Fig. 17 shows the scheme of the layout 
of a hoisting engine plant with a detach- 
able flywheel as installed at Vit Tiefbau 
in’ Karwin (Austria). 

The hoist equipment is installed in’ a 
small two-compartment brick — building 
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81x 34 ft. while the pit house and the 
structural steel head gear are built sepa- 
rately. ‘The electric drive has replaced 
steam drive, and a 3000 volt, 30 cycle 
three-phase current is supplied by means 
of a lead covered, armored underground 
cable from a powerhouse located about 


Fig. 16. Two Motor Generator Sets Connected to Common 
Fly-wheel by Disengaging Couplings 


1.24 miles distant from the pit. Fuel is 
obtained from a nearby coke oven plant. 


The operating conditions are as follows: 


Ultimate depth of pit......1750 ft. 

Present depth of pit....... ggo ft. 

Useful output per hour.... 136 tons 
Useful output per lift.....6700 lbs. 
Hoisting speed, coal......2380 ft. per min. 
Hoisting speed, men......1190 ft. per min. 


The hoist cycle is made up as follows: 


‘Time ; seconds Way; ft. 
Lifting 2.5 19.8 
Accelerating 22.0 514.8 
Running 25.2 QO6 6 
Retarding 13.0 237.5 
Setting 3.0 o 

65.7 sec, 1708.7 

Stop 22. 
Total 88.5 sec. 


The hoisting engine is driven by a 500 
volt, commutating pole shunt wound motor 
(b) having a capacity of 640 h.p. normal, 
180 h.p. maximum, and a speed of 49.5 
rpm. The hoist has two cylindrical 
drums of 15.5 ft. diameter and 4.9 ft. 
width, one of which is fixed and the other 
loose. It carries the cages on stcel wire 
rope 1.57 inches in diameter, 

Its speed control is effected by means 
of the operating lever (d), which is me- 
chanically connected with the Ward Leon- 


ard field rheostat and the safety device on 
the depth indicator, thus insuring safe 
acceleration, free running and retardation 
speeds, as well as preventing the over- 
winding of the cage. The air brake is ap- 
plied either by hand, through the brake 
lever (e), or in emergency cases, auto- 
matically, the hoist motor current being 
reduced to zero prior to the setting of the 
brake. Mounted on a column in front of 
the operator's stand js a gauge for showing 
the brake air pressure, together with an 
ammeter for indicating the hoist motor 
current, and a yoltmeter for showing the 
potential. Since the hoisting speed is pro- 
portional to the potential, the instrument has 
an additional dial indicating simultaneously 
the momentary hoisting speed in feet per 


Fig. 17, Plan of Hoisting Engine, Pit Tiefbau, Karwin 


(a) Bearings if} Exciter 

(hb) Holet Motor fe) D.C, Generator 
te) Dram {h) Coupling 

(d)) Hrake Lever (1) Fly Wheel 


minute. As is the case in most European 
hoisting engine plants, a tachograph 
“System Karlik” is installed. Its operation 
is based upon the centrifugal principle, the 
material acted upon being mercury, which 
in this device performs the functions of 
the balls in the ball type pendulum gov- 
ernors frequently used for similar pur- 
poses. The apparatus is particularly well 
adapted for indicating and recording such 
sudden speed changes as are met with in 
hoisting engine operation, and the log 
sheet of the recording instrument affords 
an infailable check upon the daily hoisting 
conditions. 

The flywheel converter (Fig. 18), which 
feeds the hoist motor, comprises a 420 h.p.. 
450/437 r.-p.m., 3000 volt, 30 cycle, three 
phase induction motor (b); a 560 kw., 
500-0-500 volt, commutating pole D.C. 
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generator (g); 12 kw., 190 yolt, com- 
pound wound exciter (f}; and a 27.5 ton 
cast steel flywheel (i) of 15.8 ft. diameter. 

The flywheel is operated at a peripheral 
speed of 207 ft. per sec., and at 12.5 per 
cent slip, gives up 25 per cent of its stored 
energy of 52,220,000 ft-lbs, It is sup- 
ported by water cooled bearings which are 
lubricated by means of oil under pressure, 
the oil being obtained at a pressure of 
118-162 lbs. per sq. in., from two com- 
pressors which are friction gear driven 
from the converter shaft. From the total 
no-load converter losses a saving of five 
kw. was effected after reducing the wind- 
age losses by enclosing the flywheel in a 
closely fitting sheet iron casing. As above 
stated. the flywheel is designed as an in- 
dividual machine unit which can be con- 
nected to the motor generator or discon- 
nected from it by means of a flexible conup- 
ling (h). The stored energy of the fly- 


Fig. 18, Fly Wheel Converter at Pit Tiefbau, Karwin 
oe Three Phase Meter, 420 bg. 4-437 eye. 
One Generator, 40 kw, MO Volts fF, €, 
One Exciter, \2kw, I Volts 
fone Cast Steel Ply Wheel, 27.5 Tons, 


wheel is sufficient to make two full load 
lifts, or five no-load lifts, after the alternat- 
ing current has been cut off, Since its free 
running time is about two hours, it is 
standard practice at Pit Tiefbau to brake 
by hoisting the last few trips with the 
A. C. circuit disconnected. This practice 
is observed in many flywheel converter 
plants rather than braking by means of 
emergency band or block brake; although 


it requires some attention to avoid the 
stopping of the converter before the cage 
reaches its landing. 

Compressed air for hoist brake opera- 
tion is furnished by an air compressor 
which is belted to the converter shaft. 
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Fig. 19. Lay Out of Hoisting Plant, Pit Matthias Stinnes 
(ad ‘Phieee Plane Meoturs, 
(hb) Fiy-wheels, 
(ce) DC. Generators, 
(ib Silp Rheostate. 
(oe) Exciter Motor Generataurs. 
(ft Air Compressors. 
(ul Switeh Tatle (Armature Carrent Contrelt. 
Ch) Switel Table (Exciter Current Cantril), 
Ch) Heleting Baines, 
(kK! Fate, 
(1) Switeliteeards. 


The slip regulator is of the type in which 
an A. C. relay contrels a D. C. motor, 
which in turn drives a metal rheostat. A 
special water rheostat is provided for the 
starting of the flywheel converter from 
stand still, ‘This operation is effected 
within from 5 to 10 minutes, the time de- 
pending upon the maximum = amperage 
which can be taken from the mains without 
disturbing the general power and lighting 
service and the adjustment of the time limit 
device which prevents the attendant from 
operating the water rheostat too fast. It 
requires about 350 kw. to bring the con- 
verter up to 300 rpm. within 4—s5 min- 
utes, while the normal no-load wattage 
amounts to 25—30 kw. An interesting 
feature from the operating standpoint, ts 
the employment of only two hoist operators 
per 12 hour shift. One man operates the 
hoist while the other one inspects and 
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cleans the electrical apparatus, the engine 
and the head gear. ‘They change their 
occupations every two hours, since in ad- 
dition to their meagre salary, they receive 
a premium for the amount of coal hoisted. 

Double flywheel motor generator sets 
have a number of advantages which can 
best be understood by referring to an ac- 
tual installation, as, for instance, the re- 
cently opened mine “Mathias Stinnes at 
Drauck” (Germany), which comprises two 
shafts with a preliminary depth of 1750 
ft. and an ultimate depth of 2640 ft. The 
shafts have a diameter of about 21.8 ft. 
probably the largest size that has been 
built up to the present date. 

Kach shaft is laid out for double hoist- 
ing of a useful load of 10.566 Ibs. each. 
The hoisted coal is transported by means 
of a rope railway 1.2 miles long, to an 
older shaft, where it is washed, sereened 
and made ready for shipment. 

The entire plant is electrically driven, 
and current is bought from the Rhenish- 
Westfalian Electric Works, located about 
5.4 miles distant at Essen. This plant 
represents the first large German mining 
installation to be fed by an electricity 
works that supplies current for general 
use, 

The current is three phase, and is trans- 
mitted at 10000 volts, 50 eveles over two 
underground cables with 3x 0.0525 sq. in, 
cross section; step-down transformers re- 
ducing the potential at the mines to 5000 
volts for power, and to 220 volts for light- 
Igy Pl rpases. 

Kir. tg shows the laveut of the entire 
plant. The machine house is to ultimately 
contain two large flywheel motor gene- 
rator sets, only one of which is) installed 
at the present time, however. In addition 
to the necessary auniliaries, two Ratean 
fans are installed for an output of 2824009 
cubic feet of air per minute, while the four 
electric hoisting cogines are leeated in 
wings arranged symmetrically with refer- 
ence to both sides of the motor converter 
house. Each fwwheel motor generator set 
consists of two identical three-machine 
units, mechanically coupled. Each of these 
two sets comprises a three-phase induction 
motor fa). a fvwheel (b). and two D. C. 
generators of the same size (ce). The in- 
duction motors are for the purpose of 


driving the flywheel and the generators, 
and are designed for the average energy 
consumption of the hoisting plant, the 
flywheels equalizing the fluctuations of the 
load during the hoisting periods. ‘The 
D. C. generators supply the D. C. hoisting 
engine motors (i). the voltage and polarity 
being regulated by Ward Leonard control. 
The following details of the flywheel 
motor generator set may be of interest: 


Three-phase Induction Motor: 


Voltage—5000. 

Current—53 amperes, 
Cyeles—so. 

Output—soo h.p. 

Maximum speed—375 rpam, 


Flywheel: 
Weight—44 tons. 
External diameter 14.5 ft. 
Width of rim-—2y.5 in. 
Highest peripheral speed— 292.5 ft. per 
sec, 
Flywheel effect—2.372.000 ft,-Ibs. 
Stored energy—68.461,500 ft.-Ibs. 
Speed—320 to 375 r.p.m. 
Material—Special cast steel (Krupp). 


Two D.C. Generators (with Commutating 
Poles): 

Terminal voltage, each—4oo volts. 

Current, cach—2120 amperes. 

Specd—320 to 375 ryp.m. 

Output, cach—1150 hip. 

When both flywheel motor generator sets 
are installed, the hoisting service condt- 
tions will be as follows: 

Four three-phase induction motors tak- 
ing 2000 hep. from the net work. 

Four flywheels with a combined weight 
of 176 tons, 

Stored energy of flywheels—274-246,000- 
38 ft.-fbs. 

Right DD. C. generators with a combined 
output of g2c0 Ip. 

This power is to drive four hoisting en- 
vines with a useful load of either of the 
following: 

Coal (eight cars: 1320 Ib. load each), 
10,600 Ibs, 

Slate, 12,300 tbs. 

48 men of 165 Ibs. each, 7.920 Ibs. 


EUROPEAN PRACTICE IN ELECTRIC HOSTING ENGINES s] 


Hysisting: speed: 

Coal- 2750 1. per min, 

Men- 1oSo ft. 

Neceleration and retardation: 

Acceleration when starting 
1aT. 

Retardation when coastings 1o8 ft. per 
win 

Time of one lift from i750 ft, level - 
33 sec. 

Rest between two lifts “Normal o& sec., 
caring, fast service 70 sec, 

Time of one lift) fram 2ogo ft. level 
Pe et et 

(eotpat ed hoist meter Sturting, 2ooe 
hon running, Tb20 dep. 

Phe average energy taken by ane lnoist- 
ye enuime Nas been Rygered tebe 5000 hop 
) reeimres aa SS ton Aywheel te equalize 
eo lead (uetuations. Tf all four hoisting 
seomes should) start) simultancously, the 

“tiny engine moters would require Bea 
6 amd it would be necessary to provire 
g. Tc1Nes SS oor 352 tots of yvwheel weight. 
be tivwheel weight tustalled in one twe 
vet thhwheel generator set at the Mine 
Mathias Stinnes”) amounts ta 2N 88 = 176 

~ amd is sufficient for all four engines 
mote tThwheels, of the second flywheel 

or cemerater Sette he installed. wall 
sve as reserve, The relatively small tly- 
vtech wetglt is allowed on account of the 
arrel oot the DL GC. weneraters, and is 
medorpen the following considerations : 
b's) nrest disadvantageeus owe would be 
voi) hemsting engiaes te start simulta- 
ately This possibility: decreases with 
prereasing: number of hoisting engines 
sooptned The most advantageous case is 
eloen the starting time of the various en- 
wives is chosen to equalize the starting 
veaS beads. ‘The load fluctuations on the 
Fywheel metor side will decrease with an 
snereasing number of hoisting engines sup- 
“Sed The actual fluctuations caused by 
toe drive of all four engines, do not differ 
~h frei the fluctuations caused by one 
eymme. supplied by one motor generator 


Se ee ok 


rah ft. per 


In order te: make use of this considera- 
nit is only necessary to couple the fly- 
sceel moter generator scts supplying the 
ue heisting engines. This coupling can 
effected mechanically, as per Fig. 20 or 

‘ «an be effected electrically; which is 


what is intended to le done with the sce- 
cml two unit tHhwheel generator set te be 
installed in the future. To ettect this elee- 
tric coupling. the 1) Co generaters af the 
vwheel generator sets are divided inte 
two identical machines, soo that the twe 
2unit thyavheel motor generater sets com: 
prise emvht J Cl veneraters,  lkaeh one 


Fig, 22) Twin Fly Wheel Converter. Pit Matthias Stinnes 


Tae Theres Pines Meters Yerhog TTS Fete me vee hte 
Tar te Tom t mst ter) Vie Whale 
Tees Deeutele Gee erat ne ath pe bee Vict 


of these emeratiers ts sufficient te supply 
power for driving one hoisting engine at 
halt speed, 

Connecting ino series af two armatures 
of two DL Co generators gives the power 
required as full input af ene Iheisting en 
wine, 

The armature of one D.C) generatar af 
me 2ennit Hywheel moter generator set ts 
conmected ins series with the armature of 
aod). C. generator of the secomd 2-unit tly 
wheel motor generator set, ose that the 
shafts of the two 2-unit: flywheel moter 
generator sets are clectrically couplet. and 
the mechanically coupled I. Co generators 
are electrically connected to supply differ- 
ent hoisting engines, ‘The disadvantage in 
this arrangement, be the — inereased 
number of machines, is compensated for by 
the advantages due to the possibility. of 
using smaller machine units. and obtain- 
ing a larger reserve in case of breakdown 

The following data may be of interest 
regarding the tivwheel motor generater 
sets. The flywheel converter must be 
adjusted for a constant energy consump- 
tion eatal te the average hoisting engine 
input. This is accomplished by means of 
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a slip regulator, comprising A. C. relays 
which are affected by the current fluctua- 
tions in the induction motor mains, and 
which control an auxiliary D. C, motor, 
that in turn operates an oil immersed 
metal rheostat. A double throw switch, 


Fig. 21 
Hoisting Engine at Matthias Stinnes Mine, Germony 


2 MI Gedo Volt AL Roti Shang Meter bieweloping An hop 
when startin 


located near the motor which operates the 
rheostat, is used when the starting is ef- 
jected by hand control. The change of 
the slip resistance produces a change of 
the speed ranging from 320 to 375 r.p.m.. 
and allows practical use to be mare of the 
accumulated stored energy of the fly- 
wheels. 

In order to avoid the abnormal deerease 
in the speed of the flywheel converter 
Which might take place when all four 
hoisting engines start simultaneously, the 
stroke of the hoisting engine operating 
levers is limited by an cleetromagnetic 
interlock. 

The flywheels are provided with andl 
brakes to facilitate bringing them te 
a standstill, as this would require several 
hours without this mechanical help. 

Special attention was given to the bear- 
ings on account of the high shaft speed. 
amounting to twenty feet per second, The 
bearings sleeves are fitted with babbit 
metal linings, and have a length of 21!. 


' 


in, with ri’, in. bore, and a pressure 
of 170.0 Ibs, per square inch, O41 is forced 
through the bearings under high pressure 
by means of centrifigal pammps. 


In order to safeguard against total 
breakdowns of the hoist service, two 
switch tables (g and ih) have been 
provided in the machine house, and by 
means of these, the armature of each D, C. 
generator can be connected to any hoist 
motor; while the excitation of each D. C. 
generator can be regulated by any of the 
controlling devices of the four hoisting en- 
gines. ‘Iwo of the hoisting engines were 
supplied by the Siemens-Schuckert Works, 
one by the Allgemeine Elektricitaets Ges- 
ellsehaft, and one by the Felten-Guilleaume 
Lahmeyer Works. 

The hoistiag engines are equipped with 
Keaepe disks of 21.5 ft. diameter, and are 
driven at a maximum speed of 41 rp.m. 
by two commutating pole shunt wound 
motors having an output of 2000 h.p., 
maximum, and i120 hip. running. An 
auxiliary resistance can be inserted in the 
exciter winding while the hoisting engines 
are at rest, in order to decrease the tem- 
perature rise and the energy consumption 
of the field copper during these stops. 

Two brake rims with a diameter of 20.6 
ft. are arranged beside the sheave for the 
rope. The brake shoes of the brake are 


Fig. 22 
Hoisting Engine at Mine Matthias Stinnes 


Dirert Deriven by Tue Siemens Sehockert Commutating Pole 
fet. Meters of S40 bop. ermal. 824th. maximum, ét popom. a0 
Volta. 


normally operated by means of a com- 
pressed air evlinder, When severe con- 
(ditions make it necessary, the brakes are 
capable oof destroying 5,750,000 ft.-Ibs. 
within 3 seconds. The cage then having 
t rake was-art 72. 1c: 
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Using Ward Leonard control, the motor 
speed is proportional to the terminal voltage 
of the armature of the fywheel convertor 
generator, and to the stroke of the operat- 
ing Jever by means of which the excita- 
tion of the flywheel generator is changed. 

The hoisting plant works satisfactorily 
with regard to smooth performance, casy 
operation, reliability, and average power 


Fig. 3. Hoisting Engine at Pit de Wendel 


Capacity pers Home Shift, 449 Pots from aclepth of tua feet 


house toad factor, amd it has caused no 
disturbances to the service of the Rhenish- 
Westphalian Electric Works. 

A similar hoisting engine installation, 
which will ultimately include four large 
hoisting engines and two flywheel motor 
generator sets, has been erected on the 
Wendel Pits near Ham, Germany. Fig 23 
is an illustration of one of the hoisting 
engines, 

Comparisons with the Matthias Stinnes” 
machines, figures 26 and 22, show the 
space economy afforded by the cleetric 
drive. As an early electric installation, the 
Stinnes plant was designed with the idea 
of being able to change over to steam en- 


gine drive in case the clectric’ drive should 
prove to be unsatisfactory, In consequence, 
the engine rooms were built very large, 
and the shafts of the hoisting engines made 
of sufficient length to permit of the subse- 
quent installation of steam engines, if this 
were found necessary. 

The following data is taken from. the 
large hoisting engine plant lately built by 
the Allgemeine Elektricitacts Gesellschaft 
for Pit Rhein Elbe T’HL. This shows the 
enormous progress which has been made 
since 1903. the vear in which the 300 hp. 
hoist for the Donnersmarkhuette, with the 
first hoist flywheel convertor, was placed 
in commercial service: 

Hoisting Engine Plant for Pit Rhein-Elbe I IL. 
ffoistiny: cusine lata: 

Koepe Disc, dium. 23 ft. 

Roepe «diam,—2sx in, 

Hoisting speed, coal—jygoo ft. per min. 

Hatsting speed, men—roS8e ft, per min, 

Depth of pit— 3300 ft, 

Useful lead per lift in 8 cars—g6Goo to 
10500 Tbs, 

Direct driven by two commutating pole 
DD. Cl motors with a combined output of 
1500 hep. normal, 3170 hyp. maximun. 
hlywheel converter data: 

Two identical sets, mechanically coupled 
and consisting cach of: 

One 1000 Tp. 3735 pam, 5000 volt, 50 
eyele, three phase induction moter. 

One 2000 kw,, 800 volt, commutating 
pole D, C. generator, 

One 66 kw., 230/110 volt exciter, 

I am greatly indebted to our German 
friends the Allgemenic Elektricitets Gesell- 
schaft and to the  Siemens-Schuckert 
Works. for the help rendered me in visit- 
ing the above described plants, for photo- 
graphs and other valuable information 
given in’ my review of the European 
Practice in Klectric Hoisting Engines. 


TYPE SA MOTOR STARTING RHEOSTATS 
By W. C. YATES 


AN new line of motor starting rheostats 
with no-voltage release is now being put 
into production by the General Electric 
Company. These embrace starters for all 
types of direct current motors from 1s 


sist of copper shoes or blocks held firnils 
upon the segments by springs, are self 
aligning, thus insuring contact of their 
entire contact surface. On the rheostats 
for motors above 714 hep. 110 volts; 10 


Fig. No.1. Type SA Rheostats 


hep. up te and including 35 lnp. tro volts: 
and ty typ. up to and inehuling 50 hep. 
226 and 550 volts. 

In the design of these new rheostats, full 
consideration has been given to past ex- 
perience, and a complete series of tests 
has been made to determine the best: pos- 
sible practice in regard to each particular 
feature, 


h.p., 220 volts; and 15 lip. 550 volts; car- 
bon blocks are provided. which precede 
the copper blocks during the period of 
starting and prevent pitting of the Jatter. 
All parts in which there is any liability to 
roughening or wear may be readily re- 
moved and replaced. 

The retaining magnet is placed across 
the line in series with a resistance. This 


Fig, No.2. Type SA Rheostat with Box Removed 


The dial switches are of strong and 
(lurable construction, and may be roughly 
handled without affecting the contact be- 
tween the sliding brushes and the station 
ary segments. These brushes, which con- 


permits the rheostats to be used for shunt, 
compound, or series wound motors, and 
also makes the strength of the magnet in- 
dependent of the shunt field current. which 
varies in different makes of motors, The 
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magnet is also unaffected by variation of 
the field current in a variable speed motor. 

The motor shunt field circuit is made 
aul broken on the first live segment of 
the starting switch. When the starting 
arm passes to the “off” position, the field 
is discharged through the motor armature 
and the starting resistanee. The resist- 
anee, however, is not in series with the 
field in the running position. 

Cast iron grid resistance is employed in 
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The Form I’ resistance unit, which was 
described in the “General Electric Review” 
for May, 1907, is an ideal unit for a start- 
ing rheostat, as it employs a low tempera- 
ture coefficient resistance wire wound on 
a tube which is ventilated both inside and 
out, The starting rheostats, therefore, in 
which the Form I? unit is used, possess all 
the advantages of a ventilated construe- 
tion, in addition to the advantages of a 
low temperature coefficient. Furthermore, 


‘ 
‘ 
' 
' 
' 
' 
. 
' 
' 
' 
' 
' 
t 
' 
' 
' 
' 
4 


Connection Diagram for Type SA Rheostats 


the rheostats for motors of 20 h.p.. 110 
volts: 35 hup., 220 volts: 40 h.p., 550 volts, 
aml above. In rheostats of smaller sizes 
the new Form P uni: is used, and the cop- 
per leads to the switch segments are in- 
sulated by glass beads. These units, in 
boxes above 1 h.p. rating, are mounted on 
independent supports fastened to the slate 
hase, and the box frame may be removed 
without disturbing the units or their con- 
nections, This construction permits of 
ready inspection. 


this unit is absolutely fireproof, and when 
raised to such a degree of heat as to melt 
the wire, will open without noticeable are- 
ing, and therefore meets the Underwriters’ 
requirements for rheostats installed in 
dusty and linty places. 

Kach rheostat is arranged to receive a 
cover which will effectively protect the 
starting switch. The cover, however, is 
not a part of the standard rheostat, but 
will be supplied when specified. 
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Louis J, Magee 


Mr. Louis J. Magee, who has been 
prominently associated with the interna- 
tional interests of the General Electric 
Company for many years, died very sud- 
denly at his home in New York City upon 
the night of July 2nd. 

Mr. Magee was born at Malden, Mass.. 
in 1862; he was graduated from Weslevan 
University in i885 with the degree of A. 
.. and shortly after entered the shops of 
the Thomson-Houston Co. at Lynn. 

After completing his shop course, he 
installed a number of Electrical Plants in 
this country, and then devoted a vear and 
a half to similar work for the ‘Phomsen- 
Houston Co. in Lima, Peru, 

In 188) he was placed in charge of the 
Company's office in Hamburg, and it was 
largely due to his efforts that the Union 
Flektricitaets Gessellschaft) of Derlin was 
formed in t&o2 for the purpose of manu- 
iacturing electrical apparatus upon the 
same lines aad in) aceordance with the 
methods employed by the General Electric Co. 

In 1go3 the Union Elektricitaets Ges. 
was merged with the Allgemeine FElektrici- 
tacts Gessellschaft. Mr. Magee remaining 
until the time of his death, as Director anid 
Consulting Engineer in charge of the inter- 
national business relations between the 


consolidated companies and the General 
Electric Co. 

Mr, Magee was a man of wide exper- 
ience, broad technical knowledge and great 
business ability ; while his sterling character 
won for him the respect and admiration of 
his many business associates in the Ameri 
ean and German Companies. 


NOTES 


Dr. Marius Lateur of Paris, who is well 
knowa in electrical circles as the inventor 
of a compensated single phase motor ani 
other alternating current apparatus, is visit- 
ing the Schenectady Works of the General 
Electric Cor. 

* % * 

Mr. C, R. MeWvay, Engineer of the Cin- 
cinnati Office, has resigned his position to 
take the position of Chief Engineer of the 
Toledo Ry. & Light Co., Toledo, O. Mr. 
W. oS. Culver has been appointed to take 
up Mr. McKay's work, assisted by Mr. FE. 
H. MeParland, who will give particular 
attention to turbine installations, 

* ea + 

Mr. A. Bb. Shepard has resigned his posi- 
tion in the Cleveland Office, and Mr. W. J. 
Hanley of the Columbus Office has taken 
charge of the Cleveland Office. Mr. R. W. 
Palmer of the Railway Department of the 
Cincinnati Office has been appointed to 
take charge of the Columbus ‘Office, 

% 4: + 

At the recent annual meeting of the 
National Association of Cotton Manufact- 
urers recently held at Boston, Mr, Charles 
I. Burleigh of the Boston Office of the 
General Electric Co.. was presented with 
a medal “for excellence in technical and 
utility phases of steam) turbine work.’ 

t ‘Troy, N.Y, on May 25th, Mr. Burleigh 
delivered a lecture upon “Vertical Steam 
Turbines” before the Columbia Association 
No, 20, National Association of Stationary 
Engineers, and he has lately been elected 
to lonerary membership in that body. 

* % 

A. T.. Rohrer, TH. Been and J. 
Carr of the General Hlewaie Co., Meee 
the opening of the Hallston-Saratoga elec- 
trie line on July ard. Three special cars 
were provided by the Schenect ady Railway 
Co. and a large hody of railway and city 
officials were taken over the new electrifica- 


NOTES ST 


tion of the Delaware & Hudson between 
Ballston and Saratoga, and participated in 
a luncheon at the Grand Union Hotel. 

* * * 


The Employees of the Boston Office of 
the General Electric Co., recently subserib- 
ed $158.50 to the Boston Floating 
Hospital. This pays the expenses of one 
day of the Hospital work, and is given by 
the employees of the Boston Office as a 
testimonial of their esteem for the late 
First Vice-President of the Company, Gen- 
eral Eugene Griffin. July goth was set 
aside for this work, and that day of the 
year 1907 was known as “General Kugene 


Grifin Day" of the Roston Floating 
Hospital. 
* * * 
H. W. Hillman has recently left the 


employ of the General Eleetrie Company 
to accept the position as Manayer of the 
Commercial Department of the Common- 
wealth Power Co.. Grand Rapids, Mich. 

Mr. Hillman has been associated with 
the General Electric Co., for over fifteen 
vears, having entered their employ in the 
‘arly nineties. Tle made a special study 
of are lighting, and when that Department 
was created, he was placed in charge. For 
the past few vears, he has devoted his 
attention largely to the exploitation of clee- 
tric heating devices, and tt is greatly 
through his efforts that such rapid progress 
has been made tn this branch. 

* as * 


Recent extensive tests were made at the 
Schenectady Works upon a Rosenberg type 
D.C. Generator, rated, REG 2-1-800-50 volts. 
The machine, which has some peculiar 
properties, was tested with very satisfactory 
results for its various applications, such 
as search lights, train lighting, automobile 
motors, balancer service, booster service, 
ete. Further tests were conducted before 
the Torpedo Board and School of Sub- 
marine Defense at Ft. Totten. New York. 
Upon this oceasion Col. Whistler, Com- 
mandant of the Fort, took particular pride 
in calling the attention of the visiting naval 
officers to the various meritorious features 
of the machine. We hope to give a de- 
scription of this interesting apparatus in an 
early issue of the Review. 


The Annual Convention of the American 
Institute of Electrical Engineers, which 
was held at Niagara Falls from June 25th 
to 2gth, was well attended by representa- 
tives from the General Electric Company : 
and of the thirty-one papers presented, 
eight were written by General Electric 
men, as follows: 

Protective Apparatus Engineering, 
by E. FE. F. Creiminton 
Protection of the Internal Insulation of a 
Static Transformer Against High = lre- 
quency Strains, 
by Water S. Moony 
Notes on Transformer Testing, 
by H. W. Torey 
A New Type of Insulator for Tigh Tension 
Transmission Lines, 
by Eo M. Hewrerr 
Single-phase versus “Three-phase CGenerttors 
for Single-phase Railway, 
by AJ TE. Armstrong 
The Choice of Frequency for Single-phase 
Alternating Current Meters, 
by A. TE Agststrone 
The Veetor Diagram of the Compensated 
Single-phase Alternating Current Motor, 
by W. TL. Surctter 
Commutating Pole Direct) Current Railway 
Motors, : 
by E. HL ANorrson 

The following delegates and puests were 

present: 

Mr. G. L. Alexander 

Mr. E. FO Alexanderson 
Mr. & Mrs. FE. HL Anderson 
Mr. WoC. An'rews 

Mr. A. EL Armstrong 
Mr. Ernst J. Berg 

Mr. S. R. Brown 

Prof. Eo EL F. Creighton 
Mr. W. 1. Ro Emmet 

Mr. G. T. Fielding 

Mr. Frank HL. Gale 

Mr. V. E. Goodwin 

Mr. A. W. Henshaw 

Mr. E. M. Hewlett 

Mr. & Mrs. J. Mason Knox 
Mr. E. B. Merriam 

Mr, Walter S. Moody 

Mr. W. H. Pratt 

Mr. HL. G. Reist 

Mr. L.. T. Robinson 

Mr. D. B. Rushmore 

Mr. & Mrs. W. L. Shehter 
Miss Ostrom 

Dr. C. P. Stemmetz 

Mr. & Mrs, Chas. W. Stone 
Mr. & Mrs. H. R. Summerhayves 
Mr. & Mrs. John B. Taylor 
Mr. H. W. Tobey 

Mr. M. O. Troy 

Mr. C. T. Wilkinson 

Mr. T. A. Worcester 

Mr. W. F. Wright 
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ABSTRACTS OF IMPORTANT TECHNICAL ARTICLES 


Hlustrated * 


Indianapolis & Louisville Traction Company's Line 
Fivetric Traction Weekly. Jane 13. 17. p Mo 


A brief deseription of the 41 mile road com 
necting Sellersburg and Seymour, interlinking the 
Indianapolis, Columbus & Southern Railway, and 
the Louisville & Northern Railway; thus complet- 
ing the 117.8 mile route from Louisville to India- 
napolis. 

A point of special interest ts the use of 1200 
volts D.C. as trolley potential. This is obtained 
by operating two 3 kw.. 60) volt generators in 
series, 

The car equipment inchides four 75 hip. G. E, 
No. 100 motors, which can be operated from a 
IAW volt or from a OV) volt D.C. circuit. Sprague 
General Electric type M control is employed, and 
the ten passenger and two freight cars are 
equipped with G. FE. automatic air brakes and 
24-it. air compressors. 


Electrical Equipment of North Franklin Colliery, at 
Trevorton, Pennsylvania~ Electrically Driven 
Fans, Centrifugal Pumps and Locomotives 
‘Mines & Minerals. Jane 1907. p. se] 

The North Franklin Colliery at Trevorton, Pa,, 
one of the mines of the Philadelphia & Reading 
Coal & fron Co. is located 49 miles from Potts- 
ville. and has lately been equipped with electrical 
machinery of General Electric make. The power 
house equipment comprises two 250 volt genera- 
tors. one of 175 kw. and one 249 kw. capacity. 
These feed two eight ton 3) hop. General Electric 
Mine locomotives. fora daily output of 2500 tons: 
and one 130 hip. variable speed General Electric 
motor for driving a 6 in. 4+-stage centrifugal pump 
having a capacity of LO) gallons per minute. The 
pump replaces reciprocating pumps requiring five 
times the foundation space. 


An Alternating Current Coal-Mining Installation 
“The McKell Coal and Coke Company Employs a Cen- 
tral Power Station with High Potential Trans- 
mission and Transformers Where Required” 

The Buyineering & Mining denenal. Jame = L907, gp. bles) 


A map shows the location of the central power 
station at Kilsyth, which contains 6607) volt 24 
cycle three-phase alternators, Three sub-stations 
with retary converters for eperating the electric 
haulage in the vartowus. pits, are also shown, as 
well as the location of the three fans. Two of 
these are HD it. in diameter, and are rated to 
deliver 100.000 cu. ft of air per min. agaist a 3 
in. water-gauyge pressure. They are operated at 
230 rpm. by means of a General Electric indue- 
tion motor. The third fan ts 9 ft. in diameter, and 
is to deliver 75,000 cu, ft. of air per mon. against 
a 2 in. gauge pressure, [tos te be operated at 
200 r.p.m. by means of a General Eleetric indue- 
tion motor. Current is supplied at O06) volts, 
which ts reduced by step-down transformers to 
440 volts for the metor-. These are started by 


means of compensators and are provided wath 
large and small pulleys to allow a variation in 
speed, since the present requirements are much 
below these ultimately expected. 


The System of Fire Protection atthe Plank Road Shops 
of the Public Service Corporation of New Jersey 
[Street Ratiwa) Journal, dame 1. tot, pp. wR) 


High pressure water for sprinkler systems and 
hydrants is supplied by means of a centrifugal 
pump which takes water at 25 Ibs. pressure from 
the city main, and has a capacity of 1000 gallons 
per minute at a pressure of 100 Ibs. per square 
inch, The pump was manufactured by the Inter- 
national Pump Co. after the specifications of the 
Associated Factory Mutual Fire Insurance Co, 
ef Boston. It is driven at a speed of 920 rpm. 
by a direct connected 85 hp, 500 volt General 
Electric motor. The pump also supplys an auxil- 
iary water tank, of 5000 gallons capacity which is 
supported on a structual steel tower 117 ft. above 
the ground. 


Master Mechanics’ Association Committee Reports 
[The Hailreemel tsacette, Jeme [é, be. ge Sat) 

Abstracts of the comtaittee reports presented at 
American Reilway Master Mechanics Association 
convention 1907, and pertaining to the “Develop- 
ment of Motor Cars for light Passenger Service”. 
The report includes brief descriptive data on the 
new 60000 Ib. General Electric steel car. The 
motive power of the car includes an eight-cylinder 
10875 hp, 550 rpm. gasoline engine for 
direct drive of a 90 kw. D. C. generator, which 
latter feeds the two 65 hep, railway motors, one 
oo which is mounted on each truck of the car. 

Besides the engine compartment. a baggage, a 
smoking, and a main compartment are provided, 
while the toilet and an operating cab are located 
at the rear end. The car has a seating capacity 
of 4. and full speed is attained at 50 te 55 miles 
per her. 


The New Steel Cars of the Hudson Companies 
The Railroad Gacette, dime 1h TN, pp. SaTT) 


Detailed illustrated description of the cars for 
operation in the tunnels from Cortlandt St. 
N.Y. through Jersey City and Hoboken to Chris- 
tepher Se, and thence by Sixth Ave., to Thirty- 
fourth St. New York. 

These fire proof steel cars are equipped with 
the latest type of Sprague General Electric miul- 
tile unit control, and carry two 160 hp. GE 
No. 76 motors. The lighting is effected by means 
of 3 continueusly operated lamps, and in addi- 
tien there is provided a storage battery which 
feeds four emergency lamps, in case the power 
xows off the line. 

Fifty cars have been ordered for the titial 
operation and it ts expected that the line between 
Hobeken and Siath Ave. will be opened for pas- 
scogers this fall. 
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Improved Type H Transformers 


The history of trans- 
former development is 
the history of the 
Type H Transformer. 
The introduction of the 
IMPROVED TYPE H 
marks the beginning 


of a new era. 


This transformer is 
an evolution from pre- 
vious Type H designs 
and not only retains 
every feature of ex- 
cellence found in them, 
but also contains nota- 
ble improvements in 
mechanical and elec- 
trical details. 


Improved Type MH 1907 Design 


PROMINENT CHARACTERISTICS RESULTANT ADVANTAGES 


Unequalled insulation 


Greatest durability 


Lowest core losses 


Maximum protection to life and 
property 


Minimum depreciation 


Highest all day efficiencies Minimum cost of operation 


Unsurpassed mechanical structure Maximum returns for investment 
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THE MANUFACTURE OF A LARGE DIRECT CURRENT 
GENERATOR 


By E. B, RAYMOND 


A direct current generator consists in 
its essentials of core, shaft, spider, commu- 
tator, fittings, frame, bearings, insulation 
and the windings of armature and field. 
The satisfactory production of these var- 
ious parts at their present standard is the 
result of years of development and study. 
The design of today, compared with that 
of the early machines, embodies a simplic- 
itv of armature winding and an economy 
of dimension hardly conceivable 15 years 
ago, The designer, with his accumulated 


profit on new machines. In the produe- 
tion of machines, a proper start in accuracy 
of engineering dimensions must, however, 
be followed by similar accuracy and judg- 
ment in the construction of essential parts. 


The Core 


This is composed of many thin sheets of 
steel, cach sheet having on its periphery a 
series of projections or teeth between which 
are slot shaped spaces; when the sheets are 
placed together in the shape of a com- 


Fig. 1. Armature Punching and Space Block 


experience and data, can predict commutat- 
ing and heating characteristics with cer- 
tainty. 

Today large generators of usual vol- 
tages have symmetrical multiple windings 
on their armatures. Some of the earlier 
designs of large’ direct connected genera- 
tors not only had series windings on the 
armature, but interpolated commutator seg- 
ments as well, with the result that a large 
amount of testing and experimenting some- 
times ensued that consumed much of the 


plete core, these spaces form the slots in 
which the armature windings he. When 
the sheets are assembled, these teeth must 
coincide with perfect accuracy, so that the 
sides of the slots will be smooth and will 
not injure the insulation placed in’ them, 
Thus. in punching these slots in the sheet 
steel, they must be spaced very accurately 
and cut without burrs resulting from the 
action of the die, so that when piled upon 
each other and clamped in position between 
the flanges of the core, a smooth slot re- 
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sults. Subsequent treating of the iron 
must not distort the shape of the sheets, 
and in handling the stampings great care 
must be exercised to avoid bending the 
teeth or sheets out of shape. for if once 
bent, it is not possible to get them back 
into their original form. 
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The assembling of all these pieces of 
iron, (each about fourteen thousandths of 
an inch thick), into a core weighing many 
tons, is a specific art, as the core must be 
a solid compact mass, smooth and true in 
the slots, of minimum hysteresis, maximum 
resistance between the shects, and mechan- 


Fig. 2. Armature Core 


Iron for use in laminated cores must have 
the lowest possible hysteresis loss and 
must remain constant, unchanged by time 
or any of the influences to which it is sub- 
jected during the construction and opera- 
tion of the machine, Such iron cannot be 
purchased in this country, and it) requires 
accurate treatment to vive the commercial 
metal these necessary qualities. 


In addition to the treatment for reducing 
liysteresis to a minimum amount, each 
sheet must be insulated from its neighbor 
by a material which is: practically unin- 
Nuenced by heat or pressure. In the old 
days various forms of japan were used 
for this purpose; this material is now 
regarded as quite unsatisfactory, and a 
new substance is sed by the General Elec- 
tric Company, which, when spread upon the 
sheets, forms a coating only 0.3 of mill in 
thickness, but which has a high resistance 
when subjected to heat. pressure and vibra- 
tron, 


ically immovable in relation to the various 
parts entering into its construction. To 
secure these characteristics, constant 
watchfulness is necessary during assembly. 
and is rewarded by great improvements in 
the running temperature and life of the 
apparatus, 

The Shaft 


On the shaft are assembled the various 
running parts, some of which are machined 
toa driving fit, while others are machined 
to be shrunk into position; both of which 
operations require the highest grade of 
machine work with accurate gauges for 
checking dimensions. Where  punchings 
are fitted directly upon the shaft, all varia- 
tions in the fit of these must be closely 
watched, or loose punchings and injured 
instillation will result after the machine has 
been in operation for a time. The shafting 
department must therefore be highly organ- 
ized and contain properly trained men and 
efficient tools. 
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The Spider 

Similar accuracy is necessary in the con- 
struction of the spider, as the fit between 
it and the shaft must be exact, as well as 
that between it and the punchings. 


The Commutator 


The art of making a commutator is even 
more difficult than that of making a core, 
for here, as in the case of the core, we have 
a whole composed of very many parts; in 
addition each segment must be thoroughly 
insulated from its neighbors and from the 
commutator spider, Moreover, in service, 
the commutator is often subjected to great 
Variations in temperature, attacks of spark- 
ing under overload conditions, and high 
centrifugal strains. Notwithstanding all 
this, a compact, smooth and truly round 
surface must always be presented to the 
brushes. 

The insulation used in commutators is 
somewhat compressible and it is necessary 


in sheets composed of small pieces of mica 
about 2 in. X 3 in, in size and one mill 
thick, pasted together with varnish until 
a thickness of about go mills is obtained. 
These sheets after being pasted in’ this 
way are heated, subjected to high pres- 
sure, and cooled while in the press; this 
produces a firm material quite similar to a 
natural sheet of mica, which is unobtain- 
able in pieces of sufficient size in any of 
the mines of the world today. ‘The sheets 
are then cut to the desired size and milled 
to the required thickness, all surface past- 
ing material having been forced out by 
the very high temperature and pressure to 
which the sheets were submitted. 

The insulation thus produced is assem- 
bled with the rough commutator bars into 
a cylinder, out of which wedge-shaped 
grooves are turned to receive the clamps 
which hold the segments against the 
action of centrifugal foree, Great care 
must be taken when cutting these grooves 


Fig. 3. Armature Partly Wound 


to make allowance for this. Many depart- 
ments contribute their services in produc- 
ing this insulation with its characteristics 
of high insulating qualities, great compres- 
sive strength, correct thickness, and exact 
shape required by the commutator. 
Commutator insulation is manufactured 


and turning the surfaces, that no copper 
bridges over from one segment to the next, 
for a sliver as small as a hair is capable of 
destroying a whole commutator, so far as 
Operation is concerned. When it is. cer- 
tain that no bridging over exists, mica 
insulating cones, built up and shaped under 
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pressure as «lesertbed, are assembled in the 
yrooves. amd the spider and clamps are 
placed in position, These latter are then 
drawn up, and the commutator bars are 
thus held rigidly in) position, and at the 
same time are electrically insulated from 
one another and from the commutator 
spider. 


Fig. 4 Commutator 


After the parts have been clamped 
together, the commutators are placed in 
ovens and baked; the large ones at a tem- 
perature of about go degrees C., and the 
small one at 175 degrees C. Every 24 
hours during this process an attempt is 
made to tighten the clamps with the insula- 
tion hot, so that any softness in the 
insulation can be taken up. ‘This is done 
three or four times on large commutators 
to make sure that every segment is receiv- 
ing pressure from the clamp rings, for if 
the insulating cones vary slightly in thick- 
ness oor in hardness, and the clamp conse- 
quently bridges over one or more segments 
without putting much pressure upon them 
When in its final position, centrifugal force 
will make these segments come out slightly, 
causing ai rough commutator surface, 
sparking and much trouble. Henee the 
clamp must be tightened until every bar 
receives a firm pressure. After the com- 


mutators are assembled on the machines 
and are in test, if any loosening of the 
segments or ronughening of the surface 
occurs, as is sometimes the case, the 
clamps must be tightened still further, 
until each bar receives its full pressure: 
heat to soften the insulation being obtained 
from the current of the machine, As in 
all other lines of manufacture. the point 
at which enough has been done to accom- 
plish a given purpose: for example. the 
amouut of heating and clamping necessary. 
must be judged by those familiar with 
the special line of work. 

‘There are two constructions of commu- 
tators, one called the “shell type”, and the 
other the “arch bound”, In the shell type 
the bars are drawn down on a Hange 
and insulated with white mica about 60 
mills thick, and this in turn rests directly 
on the metal shell of tae commutator 
spider. The bars all “bottom” hard on this 
insulation and at the same time the insula- 
tion between the bars is compressed: in 
other words a double fit is obtained—an 
arch fit and a shell fit. This type of con- 
struction is commonly used on big commu- 
tators. On commutators up to about 25 
inches in diameter, the arch construction is 


Fig. 5. Armature Coil 


often used as it is somewhat cheaper, and 
works practically as well as the shell type 
up to this size. With this construction the 
clamps pull inward on the commutator seg- 
ments until the arch of the circle prevents 
any further motion. In actual practice the 
bars are pressed inward by external means 
as far as they will go. and then the clamp 
is fureed into position in the V slot so that 
the segments can go neither out nor in, 
Amber Mica ts used between the segments 
on commutators; India or white mica, 
which is somewhat harder, for insulating 
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the cone clamps, as well as between the 
shell and the bottom of the bar in shell 
bound commutators, 
Fittings 

The fittings include brushholders, brush- 
holder studs, cross connections and cables, 
terminals, etc. The particular feature here 
requiring accuracy of manufacture is to 
get the brushes all in line with the com- 
mutator segments when they are assembled 
in position with the brushholder studs, 
brackets and other fittings. Accurate jigs 
and fixtures are necessary for doing the 
machine work on these parts in order that 
this result shall ensue. 


The Frame 

Since the air-gap on electrical machinery 
is small and must be equal throughout the 
circumference of the machine, the frame, 
bearings, pillow blocks etc. must all have 
correct positions relative one to another, 
Hence the machine operations on these 
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ed; first in the production of a varnish, 
which is the basis of insulation; second, in 
placing the insulated coils in the slots. 
Linseed oil is today recognized as the 
best insulation; this is sometimes mixed 
with a gum, boiled down to the proper 
consistency and other materials added to 
produce a compound that may be used like 
a paint, and which will give a film that will 
stand a high potential, and will not become 
brittle with age. This varnish is prepared 
by the General Electric Company, and is 
held to a very close standard, tests being 
regularly made of aging and puncture. 


All armature coils are wound on forms 
and are so shaped that after being placed 
on the armature, each coil is properly lock- 
ed to its neighbor, without undue pressure 
and without taking up undue room. The 
wire is wound directly into the shape it is 
to assume: the coil is then insulated and 
heated, which softens the various gums in 


Fig. 6. Sectional Binding of Large Armature 


parts must either be layed out accurately. 
or, if production warrants, be guided by 
jigs. to give the desired result. 
Bearings 

One of the important features of machin- 
ery is its bearings and the arrangement for 
ensuring proper lubrication. Poor oil 
grooves for the distribution of oil will 
result in misfortune. The anchor holes for 
holding the babbitt in place must he kept 
open when the metal is poured in, and the 
latter must be tightened down properly. 
In many instances it is necessary to heat 
the castings to nearly the temperature of 
the molten babbitt to prevent “cold shot” 
or shrinkage cracks. Oil grooves must be 
located properly: oil rings must be free 
from rough spots, or these will cause oil 
throwing. In this work also, accurate 
gauges must he used, as correctness in 
clearance between journal and bearing 
sleeve is necessary. 
Insulation and Windings of the Armature 

At this point in the construction of the 
machine the greatest care must be exercis- 


the insulation, permitting the coil while hot 
to be pressed to the exact form and dimen- 
sions required. On cooling it retains this 
form and becomes a hard solid body, form- 
ing a coil which, when placed in its slot, 
is free from local pressure, bearing uni- 
formily on the surface of the slot through- 
out its entire length. A coil thus formed 
requires a minimum amount of space over 
the drawing dimension, so that the design- 
er can reduce to a minimum the diameters 
of his armatures. After being thus insul- 
ated, formed and treated, the coils’ are 
ready to be placed in the armature slots, 
where they are held in position either by 
wooden wedges or by binding wire. The 
commutator is then put into position on 
its spider, or on the armature shaft, and 
connections are made between its segments 
and the armature winding, a pure tin solder 
being used for this purpose. 

The importance previously mentioned of 
having the various parts fit accurately, and 
the necessity for exact dimensions in arma- 
ture coils and slots, is illustrated by the 
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fact that the commutator leads invariably 
break if any motion of the coils in the slot 
occurs, or of the commutator on its fit. 
While in general the American Institute 
recommendations are used for high potential 
on direct current armatures, *the armature 
department gives a greater high potential 
test before delivering to the testing depart- 
ment; first when the coil itself is put into 
the slot, and second, after the armature 
is completely connected up. ‘Thus a brake 
down by high potential in test is a rare 
occurance on an armature, 


Fig. 7, Rear View of Armature Showing Equalizer Rings 


Field Coils 


These coils are insulated from their 
metal spools by similar materials to those 
used in the armature. It is customary to 
wind large spools with the wire in uniform 
lavers, for under these circumstances wires 
have no Jocal pressure on the insulation 
between the wires. as is the case if the 
wire is put on at random. The latter is a 
very much cheaper construction, but is not 
suitable for Jarge machines. Like the 
armature, spools are subject to a high 
potential test before being delivered to 
the test for assembly on the machine. 
This potential is considerably greater than 
"With the exception of railway generators where same 
high potential ix used as on railway motors. 


the regular high potential that is applied 
on the machine after it has been run, and 
when heated by the current. It ts rare that 
a spool breaks down under its Hot 
Dielectric Stress ‘Test, or in other words, 
under its hot high potential. 


Test Room 


The test room receives the various parts 
of the machine, spools, armature ane 
frame, and assembles them just 9 as 
they will be assembled by the customer, 
thus avoiding any errors in the assembling 
of the many parts when the machine is 
set up on the customers premises. There- 
fore temporary cable and brush holders or 
“fits” are used during test. 

One of the important results to be 
accomplished in’ the test is to settle the 
commutator; that is. to prove that. its 
condition is permanent in regard to the 
smoothness of its surface, and if running 
indicates that the surface is not permanent. 
to make it so. The first step is to get 
the clamps of the commutater down 
firmly, so that when the commutator is at 
normal temperature, no further screwing 
up on the clamping rings can be done 
without abnormal effort. This is necessary 
in order that all the bars may have a 
direct pressure from the clamp sufficient 
to render anv movement up or down 
impossible. The second step, after the 
clamps are properly down, is to obtain a 
smooth surface, 

The method to follow in the first of 
these operations, i.e. to get the clamps 
down firmly, is to start the machine on a 
heat run, or short circuited upon itsell 
with enough field to give full current. If 
roughness appears, the machine is shut 
down at the end of about four hours and 
the clamp rings are tightened up. A four 
hour heat run is chosen since the temper- 
ature during this time becomes practicalls 
constant and the consistency of the insula- 
tion is normal. Tf it is then found that 
the tightening bolts can be serewed up 
somewhat, the machine is again started up 
for another heat run of similar duration 
at the end of which the machine is again 
shut down and an attempt is once more 
made to tighten the bolts. When no more 
ean be taken up on the tightening belts, ; 
surface is put on the commutator, cither 
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by turning with a tool, or by grinding. 
After this the final heat run is made, its 
duration depending upon the size of the 
machine, and varying from 24 hours down 
to 6 or & hours. If the clamps are down 
properly, the surface of the commutator 
well smoothed, and the mica between bars 
securely held so that it does not slip; and 
finally, if the design of the machine is such 
that bad sparking does not exist, the com- 
mutator should go through the final test 
and be just as satisfactory at the end of 
the run as at the beginning. 


Another important matter covered by the 
test, is the operation of the bearings, If 
the machine is fitted out with them, the 
following points must be demonstrated; 
first, that the bearings run cool; that is, 
35 or 40°; second, that no oil throwing or 
oil leaking occurs; and third, that end 
play, (i.e. motion in the direction of the 
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are carefully adjusted to the commutator 
so that when the customer receives his 
brushes they fit perfectly. 
Efficiency 

It is customary to check all guarantees 
of efficiency by taking core loss by any 
of the recognized methods and by measur- 
ing the resistance of all parts when at 
normal running temperatures. During the 
assembly and running of a machine many 
mechanical matters are carefully considered. 
such for example, as the true running of all 
parts, the ease of assembly and the general 
appearance of the machine. After the heat 
run is finished, and while the machine is 
at a normal running temperature, the high 
potential test is applied, since tmsulation at 
a high temperature can stand less potential 
than when cold; the more severe condi- 
tion is therefore chosen for this test. 

Before starting the test on a machine, 


& 
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Fig. 8 Parts of CS Brush Holders 


shaft), is of the proper amount, If the 
machine is of a new type, it is further 
necessary to demonstrate, in the test room, 
that the temperatures of all parts are 
within the usual guarantee of the Com- 
pany, or within the special guarantee if 
such exists. In general, it is the custom 
to put on the actual load that covers the 
conditions for which the machine was 
built, and then after running long enough 
to create a permanent state, to read and 
record the temperatures. 


Compound 

Where the machine is a compound gen- 
erator, it is the custom to adjust shunt 
to get the desired compounding, allowing 
a 2 per cent drop of speed between no 
load and full load. Where the machine 
is fitted with interpoles, it is also necess- 
ary to adjust these poles to give the best 
commutation, This commutation is judged 
with the actual brushes in use that are 
shipped with the machine. If carbon, they 


the air gap, that is, the distance between 
the different poles and the armature face, 
is first adjusted uniformly and afterwards 
measured and recorded. 


A direct current machine will build up, 
or will not, depending upon the order of 
connections between the shunt field termi- 
nals and the bus rings. Since customers 
should know the proper connections to be 
made in setting up apparatus, in order to 
be sure of a prompt and satisfactory build 
up, the test room should make a trial of 
the building up of each machine, with the 
connections made according to the print 
furnished the customer, and which will be 
followed in the final wiring up of the 
generator. This assures that direct cur- 
rent machines will leave the works without 
the likelihood of this trouble being exper- 
ienced, 

Among the many other details of opera- 
tion made note of and put to test by the 
department, may be named heating; com- 
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pounding; commutation; condition of com- 
mutator; alignment of brushes with insula- 
tion between segments of commutator; 
proper spacing of equalizer taps; polarity of 
shunt, series and interpole fields, or such 
as the machine is provided with; true run- 
ning of all moving parts; condition of bear- 
ings; end play; resistance of insulation and 
its ability to withstand a potential strain 
considerably in excess of normal; check- 
ing of special guarantees, or in any event, 
the company’s normal guarantees, should 
the first not exist; correctness of air gap, 
and the like. 

Having completed the test of a machine, 
and noted and recorded the readings and 


remarks made, it is then torn down, painted 
and delivered to the shipping department. 
These operations are likewise under the 
direction of the Testing Department, which 
affords a safeguard against any changes 
being made in the adjustment as effected 
during test. 


Although the testing organization is an 
expensive one, covering as it does, mechan- 
ical assembly, electric testing, making of 
shunts, ete. yet the knowledge of the 
operation of the machine, under the same 
conditions as will be imposed upon it in 
its future work, is essential for high class 
production. 


THE TREND OF INVENTION AND IMPROVEMENT IN 
THE ELECTRIC FIELD 


By PROF. ELIHU THOMSON 


The electric industry did not reach any 
considerable development until the begin- 
ning of the decade between 1880 and _ 18go. 
It was a time when numerous discoveries 
and inventions were made, following each 
other in quick succession. Upon these the 
industry was founded, although some of the 
early work was not applied in actual com- 
mercial form until quite recently. For a 
long time the open carbon arc alone served 
in are lighting. Some ten or twelve years 
ago the movement towards restricting the 
access of air to the carbons and thereby 
saving expense in renewal of carbons and 
trimming the lamps, took place, and re- 
sulted in the enclosed are lamp. <A few 
years later however, the superior efficiency 
of the so called luminous are drew atten- 
tion to new types of arc lamps, in some of 
which the carbon in the electrode served 
only to confer conductivity, while the light 
was no longer due to the bright positive 
carbon crater but to the presence in the are 
flame of vapors and fine particles of refrac- 
tory substances. 

The comparatively short life of the elec- 
trodes, however, as compared with the en- 
closed are gave again the disadvantages of 
the open are in frequent renewals and trim- 
ming. 

The present trend of invention is to- 
wards securing not only the superior effi- 


ciency of the luminous arc, but, by a 
selection and combination of suitable sub- 
stances, a long life of the electrode. The 
inventor has the task of finding the best 
combination, and constructing a lamp me- 
chanism which will properly take care of 
the are adjustment. Work in this field will 
doubtless continue actively for some years 
as the possibilities are not yet exhausted 
in the experiments hitherto made. 

Where formerly the constant current arc 
dynamo with series circuits was univers- 
ally used, we find its place taken by the 
constant alternating current transformer, 
and this may eventually be used in com- 
bination with rectifying apparatus such as 
the mercury are and a return to direct cur- 
rent ares thus take place. Invention in 
this field has been quite active and will 
probably continue until practical perfection 
of construction and operation is assured. 
The tendency in stations is to unify the 
supply, so that instead of are machines, 
constant potential low tension dynamos, 
railway generators and alternators being 
found, large generating units of the alter- 
nating current type are alone installed, from 
which current by transformers, rotary con- 
verters, rectifiers, motor generators, etc., 
the adaptation to varied kinds of load is 
accomplished, Practically today the sta- 
tion supply is alternating except in railway 
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work not involving transmissions at high 
voltage and transformation, 

The various new conditions of regulation 
and distribution will doubtless continue to 
furnish a field for the exercise of inventive 
genius as in the past has been the case. 

In the incandescent lamp, carbon, which 
so long held its own as the best material 
for filaments, is likely to be eventually re- 
placed by metals possessing high melting 
point, and, what is of the utmost conse- 
quence in this confection, a low or negli- 
gible vapor tension when near melting. 
Carbon, while quite infusible, fails in being 
too volatile at such temperatures as are 
necessary to be attained in the incandes- 
cent lamp if it is to be efficient. While 
improved greatly by “metallizing” it can- 
not be expected to possess a reasonable 
life if run at an efficiency of only one half 
of that which can be attained in the latest 
lamps with metallic filaments, notably in 
the tungsten lamp. 

Beginning with the rare metal osmium, 
as the first substitute for carbon, we have 
seen in succession, tantalum and tungsten. 
We may rest assured that the refractory 
metals which are not too rare or costly will 
be scrutinized very carefully in the effort 
to find whether they are possessed of the 
properties needed for use ina lamp filament. 
These are briefly, high fusing point, low 
vapor tension when near melting, high 
specific resistance, and capability of being 
formed into pieces of the lengths and sec- 
tions desired in the lamps. A new era of 
incandescent lighting has begun although 
much work yet remains to be done which 
will involve great skill in manipulation and 
perhaps discovery. The advent of a lamp 
requiring about one watt per candle cannot 
fail to profoundly affect the progress of 
electric lighting, and tend, when small units 
are available, to render electric lighting far 
more general than is now the case. Exist- 
ing mains will serve for a much larger out- 
put in light, and, with the high economy 
lamp, day current may be with advantage 
emploved to charge batteries on the cus- 
tomers’ premises, which are discharged for 
lighting at night; thus tending to a relief 
of the load peak. In a station supplying 
electric energy for motors and lights, any 
gain in efficiency of the lamps will make 
the peak less pronounced. 


In the application of electric motors, as 
in railway or stationary work, the improve- 
ments or inventions will naturally relate 
more and more to details, It is probable 
that no radical departures from present con- 
structions can be economically made. 


The recent revival of the inter-pole for 
assisting commutation has already had a 
very important effect on dynamos and mo- 
tors, leading to increased voltage and capa- 
city, and giving to the continuous current 
machine an added value. The alternating 
current dynamos and motors both single 
and polyphase are at present highly de- 
veloped machines, and the improvement is 
not likely to involve any radical departures, 
Lessened cost, saving of material, ease of 
maintenance, will continue to be sought by 
the designer or inventor. 


The endeavor to secure variations of 
speed in motors has led to some ingenious 
modifications of the machine. In like man- 
ner the demand for railway car lighting has 
led to the invention of dynamos having a 
nearly constant output notwithstanding 
gréat variations of speed as when the driv- 
ing is from the car axle. This kind of 
specialization of machines will doubless 
continue to afford in the future a field for 
the exercise of inventive talent. 


The future progress will probably depend 
as much upon refined engineering and con- 
Struction as upon invention, except in 
special instances similar in character to the 
examples mentioned. We can see no rea- 
son to expect great revolutions in methods 
or apparatus as a result of new inventions 
yet to be made. The art is old enough to 
permit standardization and there is much 
less danger than formerly that portions of 
the plant will soon become obsolete. 

In the comparatively new field of wire- 
less telegraphy there is perhaps still con- 
siderable room for invention and improve- 
ment, but it is remarkable what progress 
has hitherto been made. It is hardly likely 
however, that this art will be developed to 
such an extent that it will replace for com- 
munication of intelligence existing wire cir- 
cuits. It will rather tend to supplement 
such service and occupy fields peculiarly its 
own, which it does already in furnishing 


means for communi g5 with vessels at 
29 


sea. 6 v4 A 
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INSULATORS FOR HIGH VOLTAGE TRANSMISSION LINES 
By E. B. MERRIAM 


The insulation and mechanical construc- 
tion of a high tension transmission line 
constitute a problem which has been given 
a great deal of thought by electrical en- 
gineers, these being limiting factors of the 
voltage at which power can be transmitted. 
To those familiar with the mechanical con- 


Fig. 1. Three Unit Link Suspension Insulator 


struction and the insulation afforded by a 
pin insulator such as is used on high 
tension transmission lines at the present 
day, it is quite evident that there are 
strains present which are both mechanic- 
ally and electrically objectionable. The 


\ / 


Fig. 2. Three Unit Link Strain Insulator 


problems presented in designing an insu- 
later of this type which shall be of reason- 
able size, amd at the same time properly 
insulate, suspend and anchor the line, are 
numerous, and as a result a new form of 
insulator became necessary, 

To meet these requirements a new type 
of insulator has been designed and is being 


manufactured by the General Electric 
Company. There are two forms; one a 
“link suspension” insulator, (Figure 1), 
and the other a “link strain” insulator, 
(Figure 2). 

The insulator consists of a solid porce- 
lain piece, having a flanged rim) which 
affords a long creepage surface between 
live parts, and insures at least some por- 
tion of the surface being sheltered from 
rain. ‘There are two interlinked holes in 
the center, (Figure 3), through which 
the cables or guy wires are threaded, 
thereby bringing a compression strain on 


Fig. 3. Cross Section of Link Strain Insulator 


the porcelain. The use of cement has been 
avoided, the entire unit being made from 
one solid piece of porcelain, It is called 
“link insulator” because the two guy wires 
are linked about the poreelain insulation 
in such a way as to prevent the line falling, 
even though the insulator be cracked. (Fig: 
ure 4). An insulator 10 inches in diameter 
has been found to be suitable for a working 
strain of 25,000 volts, and a 6-14 inch dise 
for 12,000 volts. ‘The insulation for higher 
voltages is obtained by installing several 
of these units in seriss, an arrangement 
which might be termed a “series unit” 
system, Insulators are spaced at a dis- 
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tance between centers approximately equal 
to the diameter of the insulator. 

There are several schemes under consid- 
eration for fastening the insulators to- 
gether, that of threading a single steel 
strand through the holes until the desired 
strength is obtained, being the most pro- 
mising (see Figures 1 and 2), Other 
methods which give more or less promise, 
consist of a loop with bolt; stranded cable, 
either tied or spliced: cable with special 
sleeves, etc., but practice will dictate the 
means most desirable. 

The same general design of insulator is 
used for high tension trolley construction, 
and permits of many desirable arrange- 
ments for this class of work. It is especi- 
ally good on 6600 volt catenary construc- 
tion, and has been used with great success. 
With this construction a more substantial 
and lasting installation is obtained than 
that afforded by the use of treated wood 
or compound, The insulator can be locat- 


Fig. 4. Link Strain Insulator which has been broken under 
a load of five tons. 


ed some distance from the trolley wire, 
which reduces the liability of its being 
broken by a blow from the trolley wheel, 
(Figure 5). It is evident that single units 
can be used for insulating suspensions, 
anchors, pull-offs. and a number of 
other structural details. This type of insu- 


lator has been subjected to exhaustive tests 
by frost, water, smoke and heat, together 
with mechanical and electrical tests of 
almost every description, with very satis- 
factory results. 


Fig. 5. Strain Insulator as a pull-off installed on a curve 
on a 6600 Volt Catenary construction 

When discussing the number of insula- 
tors required tn series, the question natur- 
ally arises as to the voltage distribution 
per unit. Tests show that the voltage 
necessary to are over a series of units is 
in direct proportion to their number, Under 
operating conditions, the potential distri- 
bution across the series is, of course, not 
uniform; the insulator nearest the line be- 
ing subjected to the greatest strain; the 
worst condition being when the line 
is grounded. Under this — condition. 
the distribution across the three ro inch 
insulators, on a 75,000 volt system, will 
be 43%. 27% and 30% of the line voltage. 
the insulators being six feet from ground. 
The maximum yoltage per unit in’ this 
case is 32.000 volts, or less than yo% of the 
dry are over valuc, It will be seen that 
the factor of safety is large, when it ts 
remembered that these 10 inch dises are 
subjected to a dry test of 3-13 times the 


normal voltage rating, and will withstand 
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a wet test of twice that voltage. When 
the insulator is wet the potential distribu- 
tion is evened up by the film of moisture 
on the outside, and the strain per insulator 
is approximately the same. Consequently, 
the question of voltage distribution is not 


Fig. 6, Transmission Tower cquipped with Link Strain 
Insulators 


serious, and no trouble should be expected 
from this seuree. [Ht is very interesting to 
note that as the potential is increased the 
distribution becomes better, and as we 
approach the are over point, it is the same 
for each insulator. The voltage distribu- 
tion is further influenced by the distance 
from ground, the greater the distanee the 
better it becomes. 

Figures © and 7 show two experi- 
mental transmission towers equipped with 
link suspension and link strain insulators. 
The link strain insulators serve to insulate 
and anchor the line at intervals, while the 
link suspension insulators insulate anid 
suspend the line on the intermediate 
towers. From observation on this experi- 
mental line, apparently no trouble should 
be expected from swinging or vibration. 


a group of insulators swaying as a single 
unit. 

These towers were Soo feet apart, and 
in a certain high wind storm the cables 
all kept their relative positions, and were 
deflected, rather than swung, by the wind. 
There is very litthe vibration due to the 
flexible connections, and almost no long- 
tudinal waves, 

The particular advantages of this form of 
insulator are many and may be cnumerated 
as follows: 

The material is subjected only to com- 
pression strains. 

The line construction avoids torsional 
strains on the cross arm. 

Direct pull from the tower, permitting 
longer spans and necessitating fewer in- 
sulators on turns. 

A higher electrical and mechanical factor 


Fig. 7. Transmission Tower equipped with Link Suspension 
Insulators representing a 125000 volt installation 


mf safety than that obtained by any other 
knewn method. The transmission voltage 
is limited by the number of insulators in 
Series. 

Snupheity of line construction. 
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Manufacture is simplified by having one 
type of insulator. 

The tower being the highest point in 
the construction, the line is less liable to 
damage by lightning. 

This design will prevent the line falling 
away from the tower, even though the 
insulators be destroyed. 


The cost increases directly with the 
voltage, while it might be said that the cost 
of the pin insulator, for high voltages, in- 
creases as the cube of the voltage. 

The suspension being flexible, this mini- 
mizes the liability of fatigue in the con- 
ductor, which might occur with a_ rigid 
support. 


INDUCTIVE DISTURBANCES TO TELEGRAPH LINES* 
By JOHN B. TAYLOR 


Due to the current flowing in a_ wire, 
there is an electromagnetic field surround- 
ing this wire, extending to an indefinite 
distance, and gradually decreasing in 
strength, If the current in the conductor 
is alternating, the strength of this field is 
continually changing, and it is this change 
which induces electromotive forces in any 
conductors which chance to be in the field. 

Due to the e.m.f., or voltage on the con- 
ductor, there is an electrostatic field ex- 
tending from the conductor to an indefinite 
distance, and decreasing in strength with 
increased distance. This electrostatic field 
attracts charges in neighboring conduct- 
ors, so thet. in general, there is an alter- 
nating current in any neighboring circuit, 
as the result of both electrostatic and elec- 
tromagnetic induction. 

These electrostatic and electromagnetic 
fields exist about the wires of direct cur- 
rent systems as well as alternating current 
systems; but it is only the changing 
strength of these fields that induces dis- 
turbing currents in neighboring wires. In 
other words, a wire has induced in it an 
electromotive force proportional to the 
rate at which the strength of the electro- 
magnetic field changes, and similarly, 
charging currents flow in and out of a 
wire which are proportional to the rate at 
which the electrostatic field changes. For 
this reason inductive disturbances are al- 
ways of an alternating character, although 
we may have inductive disturbances from 
a direct current system if the value of the 
current changes rapidly. 

Considering the matter, then. from 
merely the mathematical and physical 
standpoint, any conductor, wherever placed, 


*Kead before The Association of Railroa! Telegraph Superinten- 
dents, June 19, 1907, 


will have currents induced in it as a re- 
sult of currents in other circuits, no matter 
what distance there may be between them. 


From the practical point of view, how- 
ever, it is only when the magnitude of 
these induced currents is sufficient to 
cause interruption or inconvenience to the 
regular operation of the circuits, that they 
are classed as “disturbances”. Disturb- 
ance, therefore, is an entirely comparative 
term, and depends quite as much upon the 
apparatus and conditions of operation on 
the disturbed circuit, as upon the circuit 
which is ordinarily blamed for the trouble. 

In other words, a 60,000 volt: transmis- 
sion line conveying thousands of kilo- 
watts, just as certainly has currents 
induced in it from a neighboring telegraph 
line, as the telegraph line has currents in- 
duced in it from the power transmission 
line. However, the extra currents produced 
in the transmission line as the result of 
the working telegraph line, are not classed 
as disturbances, and are therefore ordinar- 
ily. and properly, overlooked. 

The direction of the electromagnetic 
stress about a conductor carrying current 
changes with the direction of the current, 
so that if we have two wires close to- 
gether which carry equal currents but in 
opposite direction, the field, due to current 
in one of these conductors, will, at a slight 
distance from the wires. be practically neu- 
tralized by the field of opposite direction 
due to current in the other wires. Simi- 
larly, the electrostatic field due to one 
wire at a certain voltage will be practically 
neutralized if there is a second wire close 
to it at the same voltage but of opposite 
polarity. The neutralization will be more 
nearly exact the closer together the two 
conductors are. 
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In a similar manner, the two sides of a 
metallic circuit in a disturbing field act 
in opposition, and, if sufficiently close to- 
gether, partial neutralization may result, 
even though the two conductors are in a 
very strong field. 

The final resulting disturbance in any 
telegraph or other circuit, is therefore the 
residual after taking into account the effect 
on each side of the circuit of all neighbor- 
ing wires carrying current at their different 
voltages. 

From consideration of these facts, we 
can see that it is possible for the telegraph, 
as well as the more sensitive telephone cir- 
cuit, to run for miles in fairly close prox- 
imity to transmission circuits operating at 
as high as ten, twenty, thirty, or even 
sixty thousand volts; and carrying currents 
up into the hundreds of amperes. This is 
because the transmission system is_ bal- 
anced; iL.e.. for every ampere in any con- 
ductor of the transmission system, there is 
a corresponding ampere in another con- 
ductor flowing in the opposite direction: 
and similarly, for the electrostatic field of 
one sign on or near the conductor, there 
is a corresponding field of opposite sign 
on other conductors. On transmission sys- 
tems, however, this condition holds only 
so long as everything is normal; an acci- 
dental ground on one of the conductors of 
the transmission system will disturb the 
electrostatic balance, and a broken con- 
ductor, *or other unusual condition, may 
disturb the electromagnetic balance: usu- 
ally by allowing some of the current to 
return by way of the earth. 


Favorable and Unfavorable Conditions : 

Consideration of the above facts will 
show that the most favorable condition for 
sensitive telephone or telegraph systems in 
proximity to power systems, is to have 
both systems operated on metallic circuit, 
with outgoing and return conductors of 
each circuit as close together as possible, 
as in such a case the strength of field is 
a minimum, and the two sides of the sig- 
nalling circuit affect still further newtral- 
ization. Such extreme neutralization is 
necessary only for the very sensitive tele- 
phone. 

The most unfavorable condition exists 
where the outgoing and return condvctors 
of power and signalling systems are widely 


separated, and a practical case of this is 
where both power and signalling circuits 
operate with ground return. In such a 
case the distance between the two sides of 
the circuit is at least equal to that between 
the cross arm and ground, and is  prac- 
tically much greater than this, due to the 
fact that the return current does not flow 
entirely in the surface of the ground tm- 
mediately following the route of the pole 
line. 


Transpositions : 

For mechanical reasons it is not desira- 
ble in practice to place open air signalling 
wires closer than ten or twelve inches 
apart; and the separation of conductors on 
power transmission circuits may be as 
much as six or seven feet’ when the volt- 
age is as high as, say, 60,000 volts. It is 
therefore always advisable to make trans- 
positions of the conductors forming a me- 
tallic circuit system, such transpositions 
being so located that, considering a given 
length of line, the average distance of anv 
conductor from all other conductors will 
be the same. 

With a two-wire metallic circuit, trans- 
position involves merely interchanging the 
positions of the two wires at the regular 
or proper intervals; while on a three-phase 
transmission line the three conductors. 
which are usually on triangular spacing, 
are spiralled one-third of their turn. A com- 
plete transposition section usually consists 
of three equal lengths of line with a one- 
third spiral at two points. Many trans- 
mission systems have none of these trans- 
positions, as there is little benefit to be 
derived from them unless telephone or tele- 
graph lines are in close proximity, 

Where a system operates with ground 
return it is Obviously impossible to make 
use of any form of transposition, 

Factors Affecting Induction in Telegraph Lines: 

I have many times been confronted with 
the question: “How far must a telephone 
or telegraph line be removed from an al- 
ternating-current system to be free from 
disturbances”? There are so many differ- 
ent factors that it is impossible to make 
any general reply. Some of the points 
having direct bearing upon this question 
of inductive disturbance are the following: 

(1) Voltage of power system, 

(2) Current in power system. 
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(3) Frequency of power system. 
(4) Distance from power line to tele- 
graph line. 
Distance from 
ground. 
Distance from telegraph line to 
ground. 

(5) Length of telegraph line parallel to 

power line. 

(6) Total length of telegraph line. 

(7) Length of cables (overhead or un- 

derground). 

(8) Number of telegraph wires on pole. 

(9g) Telegraph system: Single, duplex, 

quadruplex, printing, high-speed 
automatic, etc. 

(10) Number and resistance of relays 

in circuit. 

(11) Telegraph working current. 

Taking up these various points sepa- 
rately :— 

(1) Electrostatic induction will be 
greater the higher the voltage of the power 
system. 

2) Electromagnetic induction will be 
greater the greater the current in the wires 
of the power system. 

(3) The electromagnetically induced volt- 
age, and the eclectrostatically induced charg- 
ing current, will be directly proportional to 
the frequency of the power system; ie., the 
values will be approximately two and one- 
half times as great for a sixty-cycle system 
as for a twenty-five-cycle system. This, 
however, is not a direct measure of the 
disturbance to telegraphic apparatus, as a 
number of the other factors tend to give 
less disturbance as the frequency increases. 

(4) The distances between the wires of 
the circuits and ground are usually the 
factors which give the greatest difficulty in 
figuring or predicting the amount of dis- 
turbance that is likely to be experienced in 
any case. In the field these distances’ vary 
from one mile to the next, and frequently 
from pole to pole. Increased separation 
between power line and telegraph line re- 
duces the inductive effects in general more 
rapidly than the distance is increased; that 
is to say, a separation of 20 feet will re- 
duce the disturbance to less than half of 
that which exists when they are separated 
10 feet. The closer the wires are to ground 
the less will be the electrostatic disturb- 
ance. The difficulty of making any exact 


power line to 


calculation, even where the separation is 
uniform, lies in the fact stated previously, 
that the return current does not flow in 
the surface of the ground directly beneath 
the wires. 

(5) The greater the length of telegraph 
line that is exposed to power line, the 
greater will be the inductive disturbance. 
Other things being equal, an exposure of 
20 miles will cause twice the disturbing 
current, both electrostatic and electromag- 
netic, that is caused by an exposure of 10 
miles. 


(6) Disturbance also depends upon the 
total length of the line; e.g., a line 100 
miles long with a 10 mile exposure, will 
not feel the disturbance as much as a 10 
mile line the entire length of which is ex- 
posed. This is because the longer line will 
have greater resistance, and the electro- 
statically induced voltage will not cause 
as much alternating current to flow 
through the instruments as the same in- 
duced voltage would cause in a shorter 
line. Furthermore, the capacity to ground 
of that portion of the telegraph line which 
lies outside of the disturbing field will fur- 
nish some of the charging current caused 
by electrostatic induction, so that less will 
flow through the instruments at the end 
of the line, 


(7) Underground cables, or those with 
metallic sheaths, have a much greater ca- 
pacity than open wires, so that sections of 
cable may cause marked modifications in 
the effect of electrostatic induction. 

(8) In general, the disturbance to an 
individual wire will not be so great where 
there are a number of lines on the same 
pole, since the wires tend to shield each 
other to a greater or less extent. For ex- 
ample, in the case of two wires on a pole; 
the current which is induced in one of 
these wires through proximity to power 
line, sets up its own field in opposition to 
the field from the power wire; and simi- 
larly, the electrostatic charge which is at- 
tracted by electrostatic induction to one 
wire, also exerts a shielding or neutral- 
izing action upon the other wire. 

(9) It should be obvious that the vari- 
ous types of relays used on single wires 
for such systems as the duplex, quadru- 
plex, printing, high speed automatic, ete., 
will have widely different degrees of sen- 
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sibility to superimposed alternating currents. 

(10) A line having a number of way 
stations with 150 ohm relays all in series, 
will present a much higher impedance to 
the flow of induced alternating current 
than a line with but two terminal stations; 
and assuming that the working current is 
the same in both cases, the disturbance 
will be felt less on the line having the 
greater number of stations. This effect 
is more marked than might appear at first 
sight, since the standard 150 ohm relay 
chokes back a twenty-five-cycle alternat- 
ing current as though the coil's resistance 
were approximately 500 ohms; while, with 
a sixty-cycle current, the same relay has 
a choking effect equivalent to 1200 ohms. 
These figures can be taken as only ap- 
proximate, since much depends upon the 
air gap adjustment of the relay, as well as 
upon the number of turns and the size and 
magnetic properties of the iron core. 

(11) The disturbance due to a given 
induced current will be less as the direct 
working current 1s increased, since it is 
the percentage variation between the maxi- 
mum and minimum values of current which 
determines the chattering of the relay. 


Elimination of Disturbance: 

In order to prevent the disturbance re- 
sulting to telegraph lines from exposure to 
alternating current systems, we have three 
general lines of attack: 

(a) Increased separation. 

(b) Special telegraph instruments not 

sensitive to alternating current. 

(c) Neutralization. 

(a) Increasing the distance is obviously 
so simple a remedy as to require little 
discussion. Unfortunately in the case of 
existing lines, this may involve the diffi- 
culties of obtaining a new right of way, 
and also the expenditure of large sums of 
money, but it should be kept in mind when 
constructing new lines. 

(b) Where the disturbance is not ex- 
tremely bad, several means may be em- 
ployed to reduce the effect of the alternat- 
ing current. <As_ stated previously, the 
proportion that the superimposed alternat- 
ing current bears to the normal working 
direct current is a measure of the disturb- 
ance, so that increasing the normal work- 
ing current in the line will, in general. help 
matters. Also, since alternating currents 


do not pass readily through reactive coils, 
increasing the reactance of the line by in- 
serting, in series, coils wound on iron will 
tend to reduce the disturbance. Condensers 
may also be used, as these allow the alter- 
nating current to pass, but do not pass the 
direct current. Thus a relay, shunted by 
sufficient capacity, will separate the two 
currents, the direct going through the relay 
and the alternating through the condenser. 
Both of these methods will tend to make 
the line sluggish and may fail where high 
speed automatic, or machine transmission 
is employed; since in these cases, the fre- 
quency of interruptions or reversals in the 
telegraph circuit may be as great, or even 
much greater, than the frequencies of the 
commercial alternating current systems. 

The back contact relay, with reversing 
sounder, or what is known as the “bug 
trap” device, may also be of service in 
some cases, 

Various methods have also been proposed 
for neutralizing or absorbing the effect of 
alternating current in the relay itself. All 
of the devices in this class must be con- 
sidered as palliative rather than curative 
remedies. 

(c) Neutralizing may be accomplished 
either in the power line, the telegraph line, 
or in both together. In its simplest form 
this means a metallic circuit for either the 
power line or the telegraph line. Where 
expense, or other conditions prevent the 
installation of a metallic circuit, various 
neutralizing connections may be employed. 
These will divide into two general classes: 

First: ‘Those in which the fields of the 
disturbing power wires are neutralized by 
other wires. 

Second: ‘Those in which currents are 
introduced into the telegraph lines, these 
currents being made equal to but opposite 
in direction to the disturbing currents. The 
best means of accomplishing such neutral- 
ization will naturally depend upon a con- 
sideration of all the attending factors, and 
is not likely to be the same in any two 
cases. 

Advantages of Metallic Circuit; 

While I do not wish to give the impres- 
sion of advocating the addition of wires to 
change the present grounded telegraph 
lines to metallic, | wish to point out that 
against the disadvantages of disturbing an 
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existing system, and the expense of addi- 
tional wires, there are many marked ad- 
vantages to be gained by employing prop- 
erly constructed metallic circuit for tele- 
graph use. Not the least of these is the 
possibility of simultaneous use of the wires 
for telegraphy and telephony. Such cir- 
cuits should be less susceptible to wet 
weather conditions on account of the two 
insulators in series between one side of the 
line and the other; they should be free 
from inductive disturbances due to neigh- 
boring telegraph wires; and free from earth 
currents. 

In many cases a consideration of all the 
points may show the advisability of using 
a metallic circuit, and when this is installed 
it should be done in such a manner as to 
secure the full benefits to be derived from 
this construction, It seems not unlikely 
that satisfactory duplex systems can be 
developed for metallic circuits, which 
should give the two wires of the metallic 
circuit the same capacity that they now 
possess as single grounded wires. 


Telephone Interference : 

A number of points that have been con- 
sidered apply equally well to telephone 
svstems, but in many other respects the 
telephone requires especial treatment which 
is not touched upon at all in this paper. 

In most cases of inductive disturbances 
there will be two parties involved, and _ it 
should be apparent that these two parties 
should confer freely as to the best means 
of eliminating or reducing disturbance. The 
engineers of the power companies are not 
likely to be conversant with all the details 
of the telegraph business, nor are the tele- 
graph engineers anv more likely to know 
as much about the conditions of onera- 
tion of the transmission system. There 
is no doubt that in manv cases, bv consid- 
eration in conference, or by interchange of 
ideas. inductive disturbances could be ma- 
terially reduced, if not practically elim- 
inated, and at little or no expense to either 
party. Tt appears not improbable that the 
growing number of clectrical transmission 
systems, and the tendency to increase the 
speed and automatic working of telegraph 
lines. will make this general question of 
inductive disturbance a more important 
matter in the future than it has been in 
the past. 


A METHOD OF COLLECTING 
CURRENT FROM THE UNI- 
POLAR DYNAMO* 

By EDGAR J. NOE 


It is assumed in this article that the 
reader is familiar with the winding and 
construction of the unipolar dynamo. 

In these machines, especially those of 
large capacities, the effect of ring reaction 
is quite considerable; as shown by Mr. J. 
E. Noeggerath in the Proceedings of the 
A. 1. E. E., January 1905. These ring re- 
actions are caused by the current having 
two paths in the ring between the con- 
ciictor and the brush, the current in the 


Fig. 1. Unipolar Dynamo 


one path aiding the primary flux and that 
in the other opposing it. This causes the 
primary flux which passes through the 
ring to shift to one side, and as the ring 
revolves, this shifting is continued, pro- 
ducing hysterisis and eddy current losses. 
In the article mentioned above Mr. Noeg- 
gerath shows a means by which the trouble 
may be overcome. Ile also shows that a 
compounding effect may be obtained by 
running the connecting cables from the 
brushes part way around the armature be- 
fore connecting to the frame or return con- 
ductor. 

The method of collecting current de- 
scribed in this article shows another ar- 
rangement for overcoming ring reactions 
and also giving a compounding — effect 


; *An article by Josf Huppert in the Elektrotechnik und 
Maschinenbau, March 4. 1906, describes this method for A.C. 
Machines. 
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without the addition of any extra material 
or space. The method is probably more 
theoretical than practical, as the split ring 
which is used, would probably not stand 
the terrific strain to which the rings on 
large machines are subjected. 

Figure 1 shows a unipolar dynamo 


Fig. 2. Armature Unipolar Dynamo 


equipped in this manner. while Figure 2 
shows the appearance of the armature 
when removed from the machine. 

The rings on each end of the conductors 
are cut as shown in Figure 3. When the 
brush is at “A”, the current has an im- 
mediate path to the brush, and therefore 
the number of ampere turns is zero; but 
as the ring revolves and the brush comes 
to the point “C”, the maximum number of 
ampere turns is produced, i. e. one turn 
times the current. There being practically 
no difference in potential between the 
ends of the ring, the slit may be made very 
small, and the brushes made sufficiently 
thick to bridge over the slit. so there ts 
never a break in the circuit. When the ar- 
mature is revolved in one direction, the 
ampere turns per ring vary gradually from 


A 
Cc 


Fig. 3. Diagram of Collecting Rings 


zero up to a maximum: and then as the 
brush short circuits the slot, they suddenly 
fall to zero, (Figure 4). When the ar- 
mature is revolving in the opposite direc- 
tion, however, the ampere turns jump 
suddenly from zero to maximum. and then 
gradually die down to zero, (Figure 6} 
The latter appears to be the better method, 
as there would not be the tendeney to 
spark at the slot due to self induction. 


The conductors are placed equally 
around the armature, and the slots cut ad- 
jacent to each conductor. The brushes 
being set in a straight line, the length of 
ring between the brush and the corres- 
ponding conductor is different for each 
ring. This is true for any specific position 
of the armature, (see Figure 6). For ex- 
ample, if there are eight conductors, and 
the first brush ts directly over the conduc- 
tor, then the first ring has zero turns; the 
second ring has 1/8 turns: the third ring 
2/8 turns, and the fourth ring 3/8 turns, 
ete., up to 7/8 turns; making a total num- 
ber of turns on one side equal to 3'%, 
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Fig. 4. Curve of Ampere Turns 


which is the minimum. When the last 
ring has one complete turn, or 8/8, the 
first ring has 1/8 turns; in this case the 
total number is 4'4 turns, which is the 
maximum. The average number of turns 
is therefore, (344 + 443) + 2 = 4 turns. 

This variation of the series turns makes 
a slight change in the total flux. It is 
probably very small however, being high 
up on the saturation curve. With eight 
rings there are eight variations per 
revolution, and at a speed of 3.000 r.p.m., 
this gives 400 variations per second. With 
this high frequency and small variation, 
the effect on the pressure cannot be de- 
tected, 

The current always flows around the 
rings in the same direction, so they can 
cause no shifting of the flux as in the case 
of the solid rings, their only effect being 
a variation in the total flux, which is very 
slight. Thus, there is practically no eddy 
current or hysteresis, which, on the con- 
trary, is a large factor in the case of solid 
rings. 

If the armature ts to revolve in a speci- 
fic direction, care must be taken to cut 
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Fig. 5. Curve of Ampere Turns 


the slots on the proper side of the point 
where the conductor joins the ring. in 
order to give the compounding — effect. 
For after the slots have been cut, the re- 
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lation between the series and shunt field 
cannot be changed without changing the 


direction of rotation; because to reverse 
the shunt field, the rotation remaining 
the same, would reverse the armature 
current and hence the series field, and 
the relation would remain the same as 
before. The connections of the — series 


Fig. 6. Diagram of Rings and Brushes 


field cannot be changed, as they are built 
in the armature; but by changing the di- 
rection of rotation, the current in the ar- 
mature is reversed, and thus the current 
in the series field. This, therefore, re- 
verses the series field with respect to the 
shunt field. 

In case two conductors diametrically 
opposite on the armature are connected 
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but this increases the ring reactions. In 
this method of collecting, the brushes 


must be in practically a straight line. 

In the above description 1 spoke of 
the ampere-turns varying. Theoretical- 
ly this is not true, as the actual number 
of turns, formed by the armature con- 
ductors, the rings, and the return = or 
frame conductors, remains constant; and 
as the load is constant, the ampere-turns 
must be constant. 

What really happens is that as the 
brushes slide over the inactive portion 
of the rings, they lengthen out the turn; 
this increases the area of the magnetic 
circuit enclosed by that turn, and there- 
fore the total flux increases. When the 
brushes are at the point “C”, Figure 3, 
the maximum area is enclosed by the 
turn, which is composed of the arma- 
ture conductor, the two rings, and the 
return or frame conductor. The = de- 
scription used to explain the action of 
the rings seems to be the clearer expla- 
nation, and is correct in effect, as the 
distance, or part of a turn, between the 
conductor and the brush is directly pro- 
portional to the area inclosed by the 
turn. 
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Armature Curren, or 


Fig. 7 


to the same ring, two slots would be cut 
and two opposite brushes would be used. 

The degree of compounding depends 
upon the number of collector rings and 
the current. It may be varied, however, 
by shunting the slots with a resistance, 


The curves, (Fig. 7), show the external 
characteristics of the machine when 
running accumulatively compounded, and 
when running differentially compounded. 
Ls hs . . . 
The accumulative is changed to the differ- 
ential by changing the direction of rotation. 
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THE ELECTRIFICATION OF STEAM RAILROADS WITH 
REFERENCE TO THE WEST SHORE ROAD 
BETWEEN UTICA AND SYRACUSE 


By JOHN R. HEWETT 


When discussing the application of elec- 
tricity to hauling traffic in densely populat- 
ed areas, on suburban, and interurban 
roads, we are on sure ground, being able 
to state with confidence that no system is 
capable of dealing with such conditions as 
efficiently as electricity. We can cite 
numerous examples of such installations 
which are giving every satisfaction both 
from an operating and financial standpoint, 
and can predict with all reasonable cer- 
tainty as to the results likely to be arrived 
at in other localities under similar condi- 
tions. 

The electrification of large steam road 
terminals and tunnels, as is being con- 
templated in many of our more important 
cities, and has already been effected in the 
instance of the New York Central Termin- 
al, is of special interest as showing that 
the art of electrification has developed to 
a stage where it can handle traffic under 
the most severe conditions. Up till very 
recently the concensus of opinion has been 
that such changes in motive power would, 
for some time to come, only be compelled 
by local conditions and ordinances, and 
that there were no inherent advantages in 
electrification to warrant its adoption 
under such conditions, other than the 
elimination of the smoke nuisance. But 
that such is not the case is evidenced by 
the fact that many important steam road 
systems, after a close analysis of the sit- 
uation, are contemplating the electrification 
of their terminals and tunnels in order to 
secure the economic advantages to be de- 
rived by such a change. Experience, with 
those roads that are operating electrically, 
is substantiating this contention, and is 
showing that the increased terminal facili- 
ties afforded by electrification is helping to 
eliminate the congestion of traffic. 

A prominent advantage in the adoption 
of electric traction at terminal depots is 
likely to be found in the fact that the 
platform may be arranged both abeve and 
below the present platform level, giving 
three tiers of platforms in the place of one 


as at present. ‘The importance of this con- 
sideration is evident when the cost of real 
estate in the locality of such terminals is 
realized. Economy in space is made pos- 
sible by the ability of an electric train to 
round a curve, or loop of a curvature, that 
no steam train could negotiate; by the 
good grade climbing characteristics of the 
electric motor; and the ability of the dis- 
tributing system, which will permit of 
practically an unlimited amount of energy 
being transmitted to the train. The smoke 
nuisance will of course be entirely eliminat- 
ed. 

There is good reason for believing that 
electrification would relieve the congestion 
of traffic by permitting the running of 
trains at more frequent headways, and 
there is another consideration regarding 
electric traction which is also of moment, 
inasmuch as it would greatly reduce the 
congestion of the terminals themselves; 
namely, that the signal movements and the 
train movements are reduced to exactly 
one-half when individually equipped cars 
are employed, and in all large electric sys- 
tems, part at least of the traffic will be 
hauled in this manner, 

With steam locomotives, four-train and 
eight signals operations are imperative 
every time a train enters and leaves the 
terminal station, thus :— 

Train entering station—One train opera- 
tion—Two signal operation: 

Locomotive entering to draw train out 
of depot—One train operation—Two sig- 
nal operation: 

Train leaving depot—One train opera- 
tion—T wo signal operation: 

First locomotive leaving  track—One 
train operation—Two signal operation. 

With electrical operation, when individ- 
vally equipped cars are employed, it is 
obvious that as each car is double ended, 
the number of trains and signal operations 
are reduced to exactly half this number. 
Further, the switching with steam loco- 
motives to bring the engine “head on” is 
entirely eliminated, and consequently the 


ELECTRIFICATION OF STEAM RAILROADS LiL 


number of switches, sidings and turn tables In the electrification of the West Shore 
are reduced. tracks, we have another phase of the sit- 
uation which it is highly probable may 
lead to similar undertakings. The events 
which lead up to this electrification are 
briefly enumerated as follows :— 
Numerous trolley lines having sprung up 
throughout the State of New York, which 
were built and operated by independent 
corporations, a keen competition was 
brought to bear on the steam roads for the 


However, the electrification of suburban, 
interurban, and branch lines, together with 
elevated roads and terminal depots, is an 
accomplished fact, and the point of greater 
interest at present is the possibility of 
electric traction being adopted on = main 
trunk lines which are at present operated 
by steam. 


In considering this phase of the question, local passenger traffic and the light freight 
it is important to determine under the business. Certain of these trolley lines 
present modes of railroad operation, where were gradually forming a chain of roads 
heavy fast long distance trains are impera- between Albany and Buffalo. Consequent- 
tive, if the steam or the electric locomotive ly it became the policy of the steam roads 
is the more efficient form of motive power. to absorb the competing electric lines, with 
In numerous instances where specific exam- the final result that it is the steam roads 
ples have been subjected to careful analysis, themselves now that are propagating a 
the balance has been in favor of the electric campaign to connect these roads together 
locomotive. The elimination of the con- to form an adjunct to their present trans- 
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Train Sheet of West Shore Road Before Electrification 


gestion of freight traffic on the present portation facilities, and the electrification 
track facilities is the point at issue, and just completed between Syracuse and Utica 
the ability of the electric locomotive to pro- forms an important link in connecting a 
vide faster train movements is a most chain of electric lines already existent 
important feature. which run parallel to the steam road tracks. 
The generally overcrowded conditions of This is an example of especial interest, as 
our steam roads throughout the continent it seems reasonable to suppose that the 
is sufficient evidence that the present mode present congestion of freight traffic on 
of operation has well nigh reached its the original steam lines may make it ad- 
limits with the existing trackage and ter- visable to develop the electric roads for 
minal facilities. Another view point of high speed passenger traffic, and it is quite 
the same subject is, that it seems well with- within the range of possibility that this 
in the range of possibility that other modes may form an important factor in the de- 
of operation may be adopted for economic velopment of high speed, long distance 
reasons; principally to reduce the heavy electric lines operating on highly economi- 
maintenance charges incident to the system cal and modernized conditions. 
at present in vogue, and that shorter trains Each new example of electric traction 
will be run at more frequent intervals. being adopted on railroads formerly operat- 
Should this be the case there is little ed by steam is of added interest, as it is 
doubt that electric traction would be likely to show the latest development of 


adopted. the art in one or more directions. 
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In the electrification of the West Shore 
road between Syracuse and Utica, the 
transmission line operating at so high a 
pressure as 60,000 volts will attract much 
attention, and the adoption of the inverted 
protected third rail on a main line tends 
to show the course that future develop- 
ment is likely to take, and, futher, it is 
of interest that the power is supplied from 
a hydro electric plant. 

The new service rendered is also novel, 
inasmuch as it is largely governed by 
steam road conditions; and yet the cars 
run through the city streets after leaving 
the main tracks, giving a “door to door” 
service, which is one of the most desirable 
features of any traction system and one 
that is entirely beyond the scope of steam 
road operation to provide. 

The electrified portion of the West Shore 
Road extends from the westerly limit of 


A point of prime interest is to be found 


in the different schedules provided before 
and after clectrification. Formerly only 
two passenger trains were run daily in each 
direction between Syracuse and Utica, and 
at night two trains with sleepers passed 
over the tracks; these latter were of prac- 
tically no value to the residents of any of 
the cities served. 

Under the newer conditions, three differ- 
ent classes of service will be given, 

(1) The fast limited cars or trains 
which will leave each terminal hourly and 
make but two stops en route. These will 
complete the journey in t hour and 28 min- 
utes, the 28 minutes being taken on the 
local lines at each end of the system; the 
run over the West Shore tracks proper 
taking only 60 minutes. 

(2) Local cars or trains with a sched- 
ule speed of 24 miles per hour, which will 
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Train Sheet of West Shore Road After Electrification 


Utica to the easterly boundaries of the 
city of Syracuse. This road was formerly 
double tracked throughout, but to accom- 
modate the different classes of service, a 
third track has been provided between 
Clarks Mills and Vernon to enable the 
faster units to pass the local trains. Be- 
tween Oneida Castle and Canastota a 
fourth track has been laid to permit the 
electrical units to pass the steam trains that 
may be held in this section, owing to the 


presence of water stations and freight 
yards, 
The distance between terminals is a 


little greater than 44 miles. Of these 
30.515 miles are laid with two tracks and 
8.843 miles with three tracks and 4.582 
miles with four tracks, making a total mile- 
age of 105.887. The tracks throughout 
were relaid with 80 lb. A. S. C. E. Rails. 


complete the run in one hour and 58 
minutes, will also provide an hourly ser- 
vice from each terminal and will make 
frequent stops, at every highway if neces- 
sary. 

(3) There will also be the steam ser- 
vice as heretofore. 

A comparison of the train sheets for the 
West Shore tracks before and after elec- 
trification will show the difference in the 
class of service rendered in a most striking 
manner, 

The general scheme of electrification pro- 
vides for the generation of current at 2200 
volts at Spiers Falls, where it is stepped up 
60,000 volts and transmitted to the sub- 
station. At the sub-station, after this pres- 
sure is reduced to 430 volts, it is converted 
to direct current and fed to the third rail 
at 600 volts. 
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GYROSCOPIC FORCES 


PART I 
By W. E. MILLER 


Introduction 


The principles involved in the considera- 
tion of the gyroscopic actions of spinning 
bodies have been generally considered to be 
too abstruse to be understood by any but 
those of a mathematical turn, and it is 
somewhat difficult to find simple explana- 
tions in any treatises, as either they are 
too popular, or take up the question by the 
aid of advanced analysis in a general man- 
ner. This article aims at giving certain 
facts about rotating masses, and also some 
calculations of the forces involved, taking 
one or two specific problems as illustrative 
cases. 

The study of gyroscopic forces, until 
recently, was practically confined to in- 
vestigations in such phenomena as_ the 
precession of the equinoxes, the nutation 
of the earth’s axis, the vortex theory of 
matter, the apparently anomalous behavior 
of spinning bodies and other kindred 
questions. Of late years, however, physicists 
and engineers realize that the gyroscopic 
forces of rotating bodies can be usefully 
applied for the solution of some practical 
problems, and considerable attention has 
therefore been given to the subject recently. 
Applications 

The majority of practical uses to which 
the gyroscope has been put are based on 
the fact that a body rotating freely round 
an axis passing through its mass center, and 
mounted on gimbals so that its supporting 
frame can rotate in any direction relative 
to this axis, will keep its plane of rotation 
invariable. ‘This principle has already been 
employed for the mariner’s compass, and 
has been found thoroughly reliable under 
exacting tests lasting several hours. It 
has also enabled a true horizon to be ob- 
tained by which the altitude of heavenly 
bodies can be accurately observed in rough 
weather. In the first case, the rotating ele- 
ment was continuously driven by an elec- 
tric motor; in the latter case it revolved in 
vacuo, and was set in motion by a stream 
of air impinging upon vanes cut in the 
periphery of the fly-wheel, the vacuum 
being restored by a pump directly full 


speed had been obtained. The speed, 
vacuum, and dimensions of the wheel were 
such that observations could be taken for 
20 minutes to half an hour without the 
speed falling off sufficiently to allow any 
noticeable change in the plane of the hori- 
zon. 

The use of gyroscopes perfected by Mr. 
Brennan for keeping torpedoes in a straight 
path, is so well known that it need only 
be mentioned here as an additional exam- 
ple of their application. 

Mr. Brennan has also constructed a 
model of a monorail car, one-cighth actual 
size, which was recently shown to the 
Royal Society of London, and which is a 
still later adaptation of the gyroscopic 
forces. That this car can be sufficiently 
safeguarded for passenger service is open 
to doubt, but it may find a field of useful- 
ness for conveying freight for military or 
other purposes. ‘The car was mounted on 
four wheels: each pair was coupled, and 
one of each set driven through gearing by 
electric motors carried on bogies. Two 
motor driven gyroscopes were used, re- 
volving in a vertical plane in opposite di- 
rections at a speed of 7,000 to 8,000 r.p.m. 
The, car was designed to run at seven miles 
per hour, and could climb gradients of one 
in five. It steered perfectly, leaning in- 
wards instead of outwards around curves. 
and if one side was suddenly weighted, it 
gradually rose to restore the position of 
equilibrium, 

Various experiments have recently been 
carried out with regard to the steadving 
effect of large gyroscopes in vessels. The 
models and calculations were made in Ger- 
many by Herr Schlick, and so far satisfied 
the authorities, that a turbine driven gyro- 
scope was recently fitted in a torpedo boat, ° 
in order to see what increase of stability 
could be obtained in rough weather. The 
tests proved entirely successful, the angle 
of heel from the verticle being reduced 
from about 15 degrees to 1 degree by the 
gyroscopic forces, the period of swing of 
the vessel being at the same time increased 
from about 4 to 6 seconds. Its capabili- 
tics were so evident that the naval au- 
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thorities of more than one country are 
likely to provide gyroscopes for some of 
their smaller boats; not for increasing the 
comfort of the crew, but to serve the more 
useful purpose of having a steady and 
level deck from which to fire the guns. 
The above examples show that the toy of 
the past has already become a useful in- 
strument for improving existing methods 
or attacking problems hitherto intractable. 


Explanation of Gyroscopic Forces 


The theory and behavior of spinning 
bodies are subject to the same mechanical 
laws as define the motions of translation 
without spin, and no mysterious actions 
need be postulated to explain the observed 
facts. Newton's three laws of motion, 
and what are practically their corollaries— 
the conservation of energy and of moment 
of momentum—are all that is necessary to 
give the complete solution of the most 


general cases. The idea that the ordinary 
laws of motion are temporarily suspended 
for rotating masses, has been largely fos- 
tered by the necessarily incomplete state- 
ments of the motions in popular treatises, 
which are apt to be misleading when a 
complete theory of the phenomena is 
sought. 

The forces and movements due to spin 
are difficult to comprehend at first, and a 
complete rational explanation is hard to 
give concisely in words, Understanding 
can be best achieved by taking a fairly 
simple example and applying analysis for 
the solution of the actions involved. In 
order, however, to form a clear mental pic- 
ture of what happens, the gyroscopic 
couples due to rotation are considered be- 
low in a simple case, namely, that of a 
body spinning inclined to the vertical and 
acted on by gravity only; from which its 
motions are deduced. 


By gyroscopic forces is meant those 
forces which are called into play by the 
spin of a body when it is rotated about 
any axis not the axis of spin. The spin 
does not affect the forces resulting from a 
motion of pure translation. 


When couples or forces tend to produce 
rotation about an axis—not the spinning 
axis—the latter tries to move nearer to 
the impressed axis of rotation. If the 
body can move freely around two axes 
at right angles to the axis of spin, and 
the impressed couple acts continuously ; 
precessional rotation is set up, which pro- 
duces a couple in opposition to that im- 
pressed. 


In order to illustrate the above, take the 
case of a fly-wheel, (Fig. 1), mounted in a 
frame as shown, so that the frame can 
turn round the point X and also round xx; 
assume the flywheel rapidly spinning about 


Fig. F 


the axis zz', and let the pivot X of the 
whole frame be resting on the floor so 
that it is inclined to the vertical. Gravity 
will then pull the frame downward, around 
the horizontal axis drawn at right angles 
to the diagram plane through X. Let the 
rotation of the fly-wheel be upward on the 
side nearest the observer: then, as the 
fiy-wheel turns under the action of grav- 
itv, a particle a, which would have ar- 
rived at c if there had been no turning, 
will be constrained to move to b. But 
the frame and fly-wheel can turn round 
the axis xx, and by so rotating will allow 
the point a to reach c¢ instead of b: there- 
fore it will so turn. The end of the axis 
marked z' moves towards the spectator. 
and the end z away from him; and the 
frame and fly-wheel will assume the posi- 
tion shown in the perspective view, Fig. 
2, A point lying on the back of the fly- 
wheel, at the point furthest removed from 
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a, is subject to exactly the same forces, 
also tending to produce a turning of the 
axis zz' in the same direction. 

Now suppose that Fig. 2 be viewed with 
the fly-wheel end on, Fig. 3. A. particle 
1 on the periphery would move to s, due 
to the second rotation of the frame around 
xx; but owing to the turning due to grav- 
ity alone, it is forced to move to m, It 
will be seen that the diversion of these 
particles produces a_ third couple, OO’. 
which acts almost in direct Opposition to 
the first, produced by gravity. 

From the above it is clear that this third 
couple does not come into play unless the 
ring bearing the fly-wheel can turn around 
an axis xx. The turning due to gravity, 
which, with the rotation of the frame xx, 
produces a rotation of the top of the frame 
axis around a vertical axis, is called the 
precessional motion of the whole ring and 
tilv-wheel, If this were prevented, no cou- 
ple could be produced in opposition to 
gravity, and the case and fly-wheel would 
fall in the same way as it would do if the 
fly-wheel were at rest. It is generally true 
with all gyroscopes that if any one of the 
rotations around the principal axes is pre- 
vented, no couple results in opposition to 
the impressed couple on the gyroscope. 

It will be noticed that when viewed from 
above, the precessional rotation of the axis 
xx around a vertical axis is clockwise: and 
that as the effect of this precession is in 
opposition to gravity, the frame and fly- 
wheel try to turn so that the side z' moves 
upward, trying to bring the axis of the 
fly-wheel and the direction of its rotation 
in the same line and sense, respectively, 
with the axis and rotation of the preces- 
sion. If the fly-wheel and frame had been 
supported from points above their mass 
center so as to be in stable equilibrium 
when at rest, the precessional motion 
would have been in the opposite direction 
for the same rotation of the fly-wheel, since 
the gravitational couple would then act 
in the opposite sense. 

Take the case of an electric car equipped 
with geared motors: the motors revolve 
in a direction opposite to that of the 
wheels. Suppose the car be moving 
around a curve: as neither motors nor 
wheels can move appreciably in a vertical 
plane, no gyroscopic force results to pre- 


vent the car moving around the curve, ex- 
cept a negligible force acting while the 
outer wheels of the car are being raised, 
before entering the curve, by the gradually 
increasing elevation of the outer rail. 
There is, however, a couple acting about 
the wheel base, tending to turn the car 
over. With geared motors, the couple due 
to the spin of the motors tries to rotate 
the car around the inner rail, in opposi- 
tion to centrifugal force; the gyroscopic 
effect of the wheels, however, acts in the 
opposite direction; that is, in conjunction 
with centrifugal force. In other words, 
the motors try to turn over so that their 
rotation, when viewed from above, is in 
the same sense as the rotation of the car 
around the curve; and as the wheels rotate 
in the opposite directions, they try to turn 
over in an opposite sense to the motors. 
If the motors were mounted directly on the 
axle, both rotating clements would try to 
turn the car in the same direction as the 
centrifugal force, thus producing an up- 
ward thrust on the bearing over the inner 
rail, and a downward thrust on the bear- 
ing over the outside rail. 


In the example of the fly-wheel given 
above, the frame and _ fly-wheel initially 
move downward under the action of grav- 
ity; this immediately brings into play a 
turning motion of the frame around the 
axis xx, which in turn produces a couple 
in Opposition to the turning moment of 
gravity. <As the rotation due to gravity 
increases, so does the precessional rota- 
tion, and therefore the opposing or bal- 
ancing couple. When the frame has fallen 
through a certain distance depending upon 
the angular speed and moment of inertia 
of the fly-wheel, the precessional rotation 
will have increased sufficiently to exactly 
balance the force of gravity. The fly-wheel 
and frame will not, however, stop moving 
downward, but will be carried further down 
by inertia, increasing the precessional ro- 
tation still more, and thereby producing a 
couple acting upward, greater than gravity; 
until a point is reached where the down- 
ward movement is completely stopped, 
when precession is a maximum, and also 
the upward turning moment. The frame will 
then rise in opposition to gravity, and pre- 
cession will decrease until the upward 
movement of the frame is again arrested 
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at the original starting point, when the 
spinning axis is momentarily at rest. A 
vibration, or nutation, of the axis xx of 
the frame and fly-wheel thus results, which 
is of small amplitude and short period for 
a rapidly spinning fly-wheel, and of large 
amplitude and longer period for one with 
slower spin. Thus the axis of a quickly 
rotating top will vibrate up and down as 
the axis precesses, moving in a_ slightly 
corrugated cone, the nutation being gen- 
erally too small to be perceptible. If, how- 
ever, the top spins slower, a wobbling 
movement can be observed which is large 
just before the top falls, 

The example above illustrates a case 
where the axis of the body was originally 
at rest. If, however, a precessional rota- 
tion had been initially impressed on the 
frame, in the same direction as that pro- 
duced by the gravitational couple, and equal 
to its mean value, no nutation would have 
occurred, and the end of the axis xx of 
the frame and fly-wheel would have moved 
around in a smooth circle. If a greater 
precessional rotation had been impressed 
the axis would have risen against the force 
of gravity, which, if sufficient, would bring 
the axis vertical. In the same manner, if 
the precessional rotation were decreased 
the axis would fall. : 

The rule that a rotating body will rise 
if the precession is increased, gives at once 
the explanation of why an ordinary spin- 
ning top, though initially rotating with an 
axis greatly inclined, will gradually rise 
against gravity until its spinning axis is 
vertical, when the top sleeps. This is 
caused by the friction of the rotating peg 
on which the top spins helping on the 
precessional motion, and thus raising the 
top so that it finally rotates perfectly up- 
right, until friction has sufficiently de- 
stroyed the spin to render it unstable. 

As a further example of the above, the 
following may be of interest: take a raw 
egg between the thumb and finger and 
rotate it around its short axis; it will con- 
tinue to so rotate no matter how much 
effort is used. If the egg, however, be 
hard boiled, after a few wobbles it will 
rise up, standing on its end and rotating 
around its long axis. In the first instance 
the interior is fluid and therefore cannot 
transmit the necessary rotational forces 


through its mass; whereas in the latter 
case the whole mass is of sufficient rigidity 
to do so. This also shows that the matter 
of a rotating body must be rigid, in general 
a solid, in order that the gyroscopic forces 
may completely act in such cases as the 
above. 


Stable Rotation 


All rigid rotating bodies have three free 
axes passing through the mass center, 
which are principal axes of inertia through 
the mass center at right angles to one an- 
other, about which the centrifugal forces 
equilibriate. Stable rotation, however, can 
be maintained only around that axis with 
respect to which the moment of inertia is 
a maximum, For bodies kinetically sym- 
metrical about the mass center, all these 
axes are free axes, and the moments of in- 
ertia about them are also equal; such 
bodies will therefore rotate stably about 
any axis passing through the mass center. 
For unsymmetrical bodies, or those kinet- 
ically symmetrical about an axis only, this 
is not the case, and the rotation is not 
always what might be expected. Thus, 
fasten a string to the edge of a plate hang- 
ing vertically downward, and rotate the 
plate through the string: at first the 
plate revolves around a vertical diameter. 
If the rotation is increased, wobbling oc- 
curs, and finally the plate moves so that 
its plane is parallel to the ground and it 
is revolving about a vertical axis through 
its center. The gyroscopic forces, due to 
the rotation caused by the centrifugal 
forces increasing with an infinitesimal dis- 
turbance of the body's original position, 
finally make the plate rotate around the 
new and stable axis. 

The above shows that an egg-shaped 
body spinning about its shorter axis is in 
stable equilibrium with respect to cen- 
trifugal forces. If the interior is liquid, 
and the body is rotating—say on a flat 
surface—it will not rise; because the 
greater part of its mass is fluid, and there- 
fore not constrained to rotate about the 
longer axis by the friction forces at the 
points of contact with the surface. If an 
orange-shaped body, however, is revolved 
about its equatorial axis, the centrifugal 
forces, and the friction forces at the points 
of spinning contact, which start and in- 
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crease precessional rotation, act together; 
and a body of this shape, with liquid in- 
terior, will so move as to rotate stably 
about its polar diameter. 


Examples of Precessional Rotation 


In order to illustrate precessional rota- 
tion further, take the case of a spinning 
body whose instantaneous axis revolves in 
a conical path around a fixed axis. Let the 
angular velocity about the fixed axis be 
nf, and let the body rotate about its in- 
stantaneous axis with angular velocity @; 
QO is called the rate of precession. Let 4 
be the semi-vertical angle of the fixed 
cone, and let ? be that of the rolling cone. 
Then the precessional motions can be com- 
pletely represented by the three following 
cases -— 


(1): Convex cone rolling on convex— 


fig @ 


Then w sin ¢ = 2 sin (6 + 4) 


(2): Convex cone rolling inside con- 


cave-—— 
A 
"i 
ona 
at 


rig 5 


Then — wsin ¢ = sin (6-— &) 
Ife —-—¢ 


(3): Concave cone rolling outside con- 


vex— 
oA. 
é 
Oy 


om 2d 
. fig 


Then w sin #& = sin (# — 6) 


Cases I and 3 give a positive precession. 
The first case is illustrated by an ordinary 
spinning top; and the second by a coin 
spinning on a table where the coin’s plane 
is nearly horizontal. 


Case 2 gives a negative precession, as 
illustrated by a spinning body inclined and 
supported so as to be in stable equilibrium 
when at rest. The precessional motion of 
the earth's axis is also a further example. 
In this case the period of angular rotation 
@ is a siderial day, and that of © is 
25,000 years; the inclination % of the 
earth's equator to the ecliptic is 2342 de- 
grees nearly, from which the angle %, 
viz., the angle that the instantaneous axis 
of the earth's rotation makes with the 
polar axis of the earth's spin, can be cal- 
culated to be 0.0087". If a circular post 
of radius, o.88 ft. is fixed to the earth's 
axis at the pole, and rolls around inside a 
circle about 25,000,000 ft. in circumference 
with the earth's angular speed of rotation. 
one complete circuit around the center of 
the circle will be made in 25,800 years, and 
the precessional motion of the earth will 
be exactly represented; nutation, however, 
not being considered. The earth's preces- 
sion and nutation are caused by the fact 
that the resultants of the varving attrac- 
tions of the sun and moon do not pass 
exactly through the earth’s mass center, 
and thus small couples are produced trying 
to turn the earth about an equatorial dia- 
meter, 


Gyroscopic Centrifugal Force 


The spin of a precessing body increases 
the centrifugal force about the axis of pre- 
cession. Take the case of a disc spinning 
about a horizontal axis supported at one 
end which is precessing non-nutationally 
about a vertical axis through the point of 
support. Let R be the radius of the circle 
of precession and r that of the rotating 
disc. Let v be the peripheral velocity of 
the disc, and V that of precessional rota- 

vy 
y" 


tion. Let p be the ratio and W the 


weight of the disc. 


Referring to Figure 7, if x is the radius 
of any particle w, which makes an angle 
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. ; ; , ee 
a with the horizontal radius; then v,= = sina 


represents the horizontal velocity 
of this particle due to spin. Considering 
the top part of the disc, it will be seen 
that the velocity of spin is opposite to the 
velocity of the body as a whole, due to pre- 
cession, (this being the case when the ro- 
tating mass is acted on by gravity only). 


fig 


The total velocity of any particle due to 
both rotations will therefore be represented 
‘xX psina 


x . . r 
by - vsina— V= V ( 
r r 


- 1); the 
centrifugal force due to any particle, w, will 
| 


- 1) ; and the 


therefore be Vw ( px sina 


gR r 
. he px : ? 
total centrifugal force xw ( - sin a—l) : 
gR r 
a 2pxw . wp’ x’. 
oul 5 x (w a = sina + i sin ‘a) 


the summation being taken between the 
limits a = 0° and 360°, and x = 0 and r. 


x a x > 
Now between these its S2p-- wsina= 
Now bet ntl limits = 2 z sit tf] 


wp ; Yk? . 
and = “F , sin’a= I , W where k is the 
r 2r 
polar radius of gyration and Sw = W. 


Therefore, the formula reduces to 
wv’ 


ah oN, aia aA eth edna 
eR (1 +- . ) which equals the ordinary 


7 
r 
ry3 


gx R 


centrifugal force due to spin (gyroscopic 


centrifugal force plus the additional 


rua 3,3 
centrifugal force) wv" kp 


gR 2 
. k*p’. 
If p is large, a is large compared to 1, 


and the total centrifugal force can be taken 
as that due to spin only, and equal to 
WV? k’p’ Wkiv", 
gR  2r° 2gRr 

If, therefore, the spin is rapid, the gyro- 
scopic centrifugal force of the body is very 
large compared to that due to the rotation 
of the body as a whole, though if the lat- 
ter were nothing, the total centrifugal force 
would also be nothing. 

If the ratio p is unity, that is to say, the 
peripheral velocity of spin is the same as 
the velocity of precessional rotation, the 

ry 2) 
pa (14 02): This for- 
mula, can be applied to compute the cen- 
trifugal force due to the rotating parts of 
cars or locomotives, etc., moving around 
curves, and will be used in calculating the 
centrifugal forces developed by an electric 


which can be expressed as 


formula reduces to 


locomotive. 

It follows from the above formula, that 
the gyroscopic centrifugal foree due to 
rotating parts of locomotives or cars run- 
ning around a curve, can never be greater 
than half the centrifugal force due to the 
weights of the rotating parts moving 
around the curve without spin. This max- 
imum value only obtains when the whole 
mass of the wheels and revolving parts 
can be considered as concentrated in their 
peripheries so that the radi of gyration 
equal the radii of the rotating parts. — 

It will be readily seen from the reason- 
ing used to obtain the above formulae that 
the latter are applicable to any shape of 
spinning body, and a dise was chosen for 
simplicity only, This also applies to what 
follows. 


7 To be Continued : 
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RAILWAY SIGNALS 
Part II 
By F. B. COREY 


Automatic Block Signals 


The highest development in the art of 
railway block signaling has been reached 
in the automatic system. Its use is being 
rapidly extended, and it will, undoubtedly, 
displace all others: except where untsual 
trafhe conditions render some different syvs- 
tem desirable. The automatic system is 
peculiarly American, both in its inception 
and its development, and although most 
roads abroad use the block system in some 
of its many forms, there are comparatively 
few aufomatic block signals in use outside 
the United States. 

One reason for this condition ts the fact 
that competent signal operators demand 


Fig. 1. Track Instrument 


higher wages in this country than else- 
where. There is also a greater inclination 
on the part of Americans, in general, to 
rely on automatic apparatus of all kinds, 
than is found among Europeans. This ten- 
dency, which has often been noted in ref- 
erence to other lines of apparatus, un- 
doubtedly has its influence in causing a 
marked difference between American anid 
European block signal practice. 

Automatic block signals were first’ in- 
troduced by Mr. Thomas 5S, Hall, whose 
son, Mr. W. P. Hall, is now President of 
the Hall Signal Co. Mr. Hall began his 
experiments in 1866, at which time he in- 
stalled a few signals. for experimental pur- 
poses, on the N. Y., N. WH. & HL R. R., 


near Hartford, Conn. In 1871 he had au- 
tomatic signals operating on sixteen miles 
of road near Toston, on what is now a 
part of the Boston & Maine system; these 
being the first automatic signals in com- 
mercial operation, In this installation, as 
well as in many later ones by Hall, the 
signals were operated directly by current 
from primary batteries, the connections be- 


Fig. 2. Disk Signal 


ing made by wires placed on poles at the 
side of the track, 

ia bel J . 

The operation of the signal was con- 
trolled by an apparatus known as a track 
instrument. This consists of a simple con- 
tact device operated by means of a lever, 
one end of which is located close to the 
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outside of one of the track rails and pro- 
jects about 3g of an inch above the top 
of the rail head, The lever is normally held 
in this position by means of two springs 
of solid rubber, and the depression of the 
end of this lever by the wheels of the 
train, operates to open or close electric 
circuits, as desired, A track instrument of 
this kind is shown in detail in Figure 1. 
The signals, which were of the dise 
type, (see Figure 2) were held normally in 
their proceed position; the passage of a 
train over the lever of the instrument broke 
the circuit which energized the signal re- 
lay. When this relay was de-cnergized, 
the circuit through the “holding clear” 
magnet was broken, causing the signal to 
assume the danger, or stop, position; Le., 
the red disc was displayed at the opening 


signals they have been superseded by more 
modern apparatus, 

The automatic block system, above de- 
scribed, had many objectionable features. 
In case a train entered a siding to permit 
another train to pass, it was necessary, 
after the train had cleared the fouling 
point, for the train crew to operate a de- 
vice called a “clearing key”; the action of 
the clearing key being to energize the sig- 
nal relay when the switch was thrown nor- 
mal; so that a following train could enter 
the block on the main track. <A circuit 
breaker, attached to the switch points, 
opened the holding clear magnet so as to 
give the train the necessary protection 
when re-entering the main track from the 
siding. Should’ a rail be broken or re- 
moved, or should part of the train be left 


Fig. 3. Elementary Track Circuit 


in the case. The track instrument for re- 
storing the signal to its clear position was 
located about 2000 feet beyond the entrance 
to the next block, and when this instru- 
ment was acted upon by the wheels of the 
train, the relay circuit was closed; but the 
signal circuit was held open until after the 
train had passed the instrument. The re- 
lay being closed, the signal magnet was 
then energized and the signal assumed the 
proceed position. As the wheels of the 
train pass the lever of the track instru- 
ment, rapid vibration of the signal con- 
tacts is prevented by a dash-pot near the 
top of the upright part of the instrument, 
or “nigger head”. This arrangement is 
shown in Figure 1. Such track instru- 
ments are still used in many cases for oper- 
ating crossing bells and other devices of 
minor importance, but for automatic block 


in the block section, such a signal system 
could give no indication that a dangerous 
condition existed, 

In 1872 a patent was issued to Mr. Will- 
iam Robinson which undoubtedly marked 
the greatest advance ever made in auto- 
matic railway signaling. Mr. Robinson's 
invention was the simple track circuit 
which forms the basis of all modern signal 
systems. He divided the track into sec- 
tions by means of insulating rail-joints, 
connected a battery between the rails at 
one end of each section, and a relay in the 
corresponding position at the other end of 
the block. A circuit of this kind is shown 
in Figure 3. Here A and B represent the 
rails of the main track, while C and D 
represent the rails of a spur track or 
siding entering the main track at switch E. 

The track rails are divided at the proper 
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points by the insulated rail joints J. These 
insulated rail joints include a piece of 
vulcanized fibre about 44 of an inch in 
thickness, and cut to a shape corresponding 
to the rail section. This piece of fibre. 
called an “end post’, is placed between the 
ends of two adjacent rails, which are 
joined together by splice bars of oak 
properly re-enforced by iron bars and held 
in place by insulated bolts. A joint most 
widely known and used for this purpose is 
the Weber joint, which is shown in detail 
in Figure 4. As the two rails of each 
track must he insulated from cach other, 


Fig, 4. Weber Joint 


all switeh rods must be provided with an 
insulated section, A typical insulation of 
this kind is shown in Figure 5. 

At one end of the track section, a track 
battery ‘Tis placed. ‘This battery is usu- 
ally of the gravity type; two cells being 
used in multiple to guard against acci- 
dental breakage or the failure of one cell 
or its connections. These batteries are 


Fig. 5. Insulated Section 


usually installed in a east iron case, called 
a battery chute, placed in the ground at 
one side of the track; these chutes are deep 
enough to prevent serious trouble from 
freezing. ‘The batteries are raised and 
lowered by means of a wooden frame to 
which a rope is attached; this frame being 
known as the battery tray or elevator. The 
rope also carries a wooden dise which is 
normally located inside the chute slightly 
below the surface of the ground. Such a 
chute, sectioned to show the batteries, 
elevator, cte., is shown in Figure 6. 


In many instances, storage batteries are 
used in the track circuit; under these con- 
ditions a resistance is placed in series with 
the batteries so as to prevent a short-cir- 
cuit when the rails are connected by the 
wheels and axles of a train in the section. 
The use of storage batteries for this pur- 
pose is rapidly increasing. 


Fig. 6. Two Cell Battery Chute 


The track batiery is connected to the 
ruls by means of wires run in covered 
wooden troughs, called) trunking: these 
wires being connected to the rails by means 
of channel pins or riveted bond terminals. 
Figure 7 shows the seetional view of such 
trunking, which is usually made of yellow 
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pine; the cover, or capping, is nailed on 
after the wires are put in place. 

Passing to the other end of the section 
of the track which we are considering, we 


Pig. 7. Section of Wood Trunking 


find the track relay (shown at R in Figure 
3), the coil terminals of which are con- 
nected to the rails in the same manner as 
the track battery. Such a relay. as manu- 
factured by the General Electric Co., is 
shown in Figure 8. The resistance of the 
operating coils of such a relay depends 
upon the use to which it is put. For long 
track circuits most roads use cols havinge 
a resistance of four ohms, while a few 


Fig. & Type DN-105 Genera) Electric Relay 


roads have adopted the five-ohm relay as 
their standard for such work. For short 
track circuits the resistance varies from 
cight to sixteen ohms: and for ether pur- 
poses, to be deseribed hereafter, relays of 


higher resistances are used. For the de- 
tails of the construction of signal relays 
reference is made to General Electric Bul- 
letin 4481. 

Referring again to Figure 2, it will be 
seen that when energized the relay R op- 
erates to close a circuit through the power 
battery TI? and the mechanism of the sig- 
nal S$. ‘The power battery is usually com- 
posed of primary cells of the caustic soda 
type, but storage batteries are being used 
for this purpose in rapidly increasing num- 
bers. ower batteries are placed either 


Fig. 9. Steel and Concrete Battery Well 


in an iron housing at the base of the sig- 
nal mast, or in a battery well or vault 
sunk in the ground near the base of the 
signal. 

Such wells are made of wood, steel, or 
conerete, according to the railroad’s stand- 
ard specitications; they are provided with 
Water-tight covers for the entrance of the 
maintainer, and the inside is furnished with 
shelves for the accommodation of the bat- 
teries. Such a vault, made of steel and 
concrete, is shown in Figure g. The vari- 
ous methods used for charging storage 
batteries in these vaults and housings will 
be considere:! in a future issue. 
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In order that the signal shall be held in 
its clear position, it is necessary for the 
circuit to remain complete through the 
power battery and the signal mechanism, 
The action which is produced upon the 
signal by a train in the section covered by 
the track circuit, will therefore be clear 
from an inspection of Figure 2, 

When the train passes the insulated 
joints, the rails are short-circuited through 
the wheels and axles, and current is prac- 
tically cut off from the track relay R. ‘The 
ile-energizing of this relay will break the 
signal circuit and the signal will return 
to its stop position by gravity. It is evi- 
dent, that a failure of the power battery 
or a break in the signal cireuit, will ac- 
complish the same result. Also, any fail- 
ure on the part of the relay to close its 
circuit, whether due to burn-out, open cir- 
cuit in the winding, or other defect, will 
give a stop indication. Any failure on the 
part of the track battery or its connec- 
tions, or an open-circuit in the track, due 
to broken rail or other cause, will be in- 
dicated by a stop signal, 


Fig. 10. Exterior View of Switch Instrument 


It will be noticed that insulated joints 
are placed in the rails C and D at the 
point F, the rails being bonded in such a 
way that if any part of a train is between 
the point F and the switch l, the relay R 
is short-circuited in the same way as if 
the train were on the main track, The 
joints are located so that a car or train 
cannot approach the switch sufficiently 
close to foul cars running on the main 
line, without causing a danger indication 
at the signal. The position of these joints 


is therefore known as the “fouling point” 
of the siding. 

An apparatus SI known as a switch box, 
or switch instrument, is connected to the 
point of the track switch, in Figure 3. The 
function of this is to short-circuit the main 
track whenever the switch is moved out of 
its normal or straight position. These in- 


Fig. 11, Interior View of Switch Instrument 


struments are usually set to operate with 
about one-quarter inch movements of the 
switch points; and, in order to inerease 
the certainty of action of the switch in- 
strument, it is usual to run the szgna/ 
circuit through it in such a way that this 
circuit is broken at the same time that the 
shunt track circuit is completed, thus giv- 
ing double protection, A good idea of the 
appearance of such a switch instrument is 
given by Figures to and tt, which show 
the exterior and interior of such an appa- 
ratus manufactured by the General Elee- 
tric Company. 

It is manifestly impossible to perfectly 
insulate the rails from earth and from each 
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other; even with the low voltage used on 
the track circuit, there is a very consider- 
able loss of current, due to leakage through 
the track ballast. The leakage factor varies 
greatly with different locations, as well as 
changing weather conditions. With good 
rock ballast kept clear of the rail the bal- 
last resistance is usually high, and conse- 
quently the leakage is very small; but 
even with the best quality of ballast, the 
dropping of salt water from refrigerator 
cars upon the ties, or a local accumulation 
of dirt or cinders; may cause considerable 
difficulty in maintaining the track circuit. 
In certain locations, especially on heavy 
grades, accumulations of brake shoe dust 
frequently cause trouble by reducing the 
ballast resistance to such a degree as to 
cause failure. 

The adjustment of the track relay is a 
matter of great importance and of consid- 


when armature shall pick up at not more 
than thirty-six (36) mil-amperes.” 

Under these conditions, it is evident that 
the length of the track circuit that can be 
successfully operated depends largely on 
local conditions. ‘Track circuits are in suc- 
cessful operation 1'4 miles long. These, 
however, are exceptional, and many _ in- 
stances occur in which it is impossible to 
operate them at a length of 2000 feet. 

When the distance between signals is 
longer than can be successfully worked 
with a single circuit, the difficulty is over- 
come by the use of what is called a cut- 
section. A simple track circuit with cut- 
section is illustrated in Figure 12. In this 
case protection is required between the 
points A and C, which is too great for a 
single circuit. It is therefore necessary to 
divide this circuit at the point B, where 
the relay R' and the track battery T' are 


Fig. 12. Track Circuit with Cut Section 


erable delicacy. According to the specifi- 
cation of the Railway Signal Association, 
all track relays shall operate as follows :— 


“Four (4) ohm track relays shall be ad- 
justed to release at not less than thirty 
(30) mil-amperes, after an initial charge 
of one hundred and ten (110) mil-amperes 
has been given for one minute. After re- 
lay has been adjusted to release as speci- 
fied, the current through coils shall be re- 
versed; when armatures shall pick up at 
not more than sixty-five (65) mil-amperes,” 
“Sixteen (16) ohm track relays shall be 
adjusted to release at not less than four- 
teen) (14) mil-amperes, after an initial 
charge of fifty-five (55) mil-amperes has 
been given for one minute, After relay 
has been adjusted to release as specified, 
the current through coils shall be reversed; 


installed. It will be noted that the relay 
R' is provided with both front and back 
contacts; so that when it is de-energized, 
either by the presence of a train in the 
section A B, or by some other dangerous 
condition, the track circuit between the 
points Lb and C is opened at the front con- 
tact, and at the same time the rails are 
short-circuited through the back contact; 
this latter being a precaution against for- 
eign currents that might act to clear the 
relay R. 

Having considered these elementary 
track circuits, we will, in the next issue. 
call attention to various modifications of 
these circuits which are used to meet some 
of the conditions that exist in the practical 
operation of automatic railway signals. 


To be continued 


ELECTRICALLY OPERATED RATCHET DRIVEN FIELD 
RHEOSTAT SWITCHES 


Among recent interesting developments 
in electrical science may be classed the 
General Eleetric Company's new type of 
ficld rheostat switching apparatus for the 
remote control of generator voltage. It is 
interesting to note the different stages of 
improvement through which this class of 
apparatus has passed. 

Generator panels, when first built, were 
provided with field) rheostats attached 
directly to the front of the board. 

The next step of development introduced 
the design of rheostat suitable for location 
on the back of panels. The switeh shaft 
in this arrangement extends through to the 
front of the board and there receives the 
hand wheel, ; 

As electrical business increased, the 
requirements of cleetrical machinery de- 


Fig, 1. Ratchet Driven Field Rheostats, 
Chicago Edison Co. 


manded the manufacture of rheostats in 
larger sizes, Many field rheostats became 
too large to be placed on the board, with 
the result that banks of resistence were 


located away from the panels, and con- 
nected to their dial switches by means of 
leads. 

In order to do away with the large, 
heavy and likewise expensive mass of 


Fig. 2. Ratchet Driven Field Rheostat, Showing Panels 


leads necessary in this form of construe- 
tion, the sprocket and shaft driven rheostats 
were developed. 

Following this, small motors were made 
use of for controlling the rheostats from 
the panel. This arrangement has given 
complete satisfaction, though it is quite 
expensive in the end, and requires con- 
silerable space for installing. Dearing 
these facts in mind, the engineers of the 
General Electric Company have produced 
a simple, compact, clectrically operated 
remote control switch, which retains all 
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of the advantages of the previous types, 
and possesses many desirable features in 
addition. While these remote control 
ratchet driven switches were designed 
primarily for varying the field strength of 
generators, their use is not necessarily 
limited to this service, as any apparatus, 
in which automatic “no-voltage and over- 
load release” features are not essential. 
inay be provided with these switches for 
cutting resistance in and out from a 
distant point, 

Figs. t and 2 show these switches, com- 
plete with rheostats, as installed in one 
of the Chicago Edison Company's large 
generating stations. ‘They are operated by 
means of the small single-pole double- 
throw switches shown on the central slab 
of these panels, which are closed in an 
upward or downward position, depending 
upon the desired direction of rotation of 
the switch arm. ‘The solenoids of the 
switch have a common plunger which acts 
on the switch arm, through pawls, and so 


long as the knife switch remains closed,’ 


the proper solenoid is) energized inter- 
mittently, and a continuous step by step 
rotation given to the switch, 

The solenoids of the standard switch 
are wound for 125 volts D. C., and require 
less than 1 ampere for operation, ‘The 
dial switches are designed for standard 
voltages up to and including 500 yolts, and 
are built for the following capacities: 


§0 amperes with 7o divisions: 
100 amperes with 65 divisions ; 
200 amperes with 46 divisions. 


Special switches of larger capacities can 
be furnished when necessary, with solen- 
oids wound for any standard voltage up 
to Ooo volts. 

With this type of electrically operated 
switch, a perfect adjustment of the resis- 
tance can be obtained at a minimum cost 
for apparatus and operation. It is evident 
from the construction of the switch that 
there are no high speed revolving parts 
which will continue cutting in or out 
resistance after the main control circuit 
has been opened. In other words, the 
resistance can be adjusted with great 
precision, The simplicity of all the moy- 
ing elements makes the device exception- 
ally reliable and durable. 


MOTOR DRIVEN ASH SIFTER 
By Miss O. L. BROWN 


The question is sometimes raised as to 
whether members of the electrical frater- 
nity, who so enthusiastically recommend 
the widespread use of electricity to their 
customers, utilize the services of this swift 
and willing agent themselves as freely as 
they might. This question becomes quite 
pertinent in connection with the growing 
adoption of electrical contrivances for the 
home. As the shoemaker’s children were 
frequently minus footwear, so also is the 


Fig. 3, Motor Driven Ash Sifter 


electrician often the last to harness the 
electric current for his own aid. 

In vindication of the seeming accusation, 
we here illustrate an outfit, unique of its 
kind, found in the home of one of the 
General Klectric Company's engineers, who 
devised this method of employing clec- 
tricity in’ an otherwise unpleasant, but 
necessary service. 

A casual inspection of the ash heaps and 
ash barrels, which are placed in front of 
city residences in the early morning, will 
impress anyone interested in household 
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economics, with the large quantity of good 
coal and cinders thrown away. This waste 
is especially striking where servants at- 
tend to the fires, in which event very little 
regard is shown to the amount of coal 
used. Now, King Coal, at his present high 
price, would best not be extravagantly 
used. Moreover, the wages of servants 
are high, and a very material saving may 
be effected by the use of sifted ashes from 
which the clinkers have been removed, for 
banking fires, or for mixing with new coal. 

Sifting ashes is usually a dirty and 
tedious operation, and is not taken to 
kindly by helpers. Therefore, consideration 
of the present high price of coal, and of 
the amount which could be saved from 
sifting all ashes, including those from the 
kitchen stove, as well as the large quantity 
from the furnace, led to the construction 
of the motor driven ash sifter shown in thé 
accompanying view, which is largely self 
explanatory. 

The machine is very simply constructed, 
and is built on the revolving screen prin- 
ciple, being driven by a standard belted 
General Electric IS-4-1/15 hp-1800 r.p.m.- 
KG 4-110 volt, 60 cycle motor, connected 
to the lighting circuit. The outfit is con- 
veniently located with respect to the coal 
bin and furnace door. The ashes are 
dumped in the hopper at the right, the 
cinders falling into the bin, and the waste 
going into the can. ‘The device is suspend- 
ed from the rafters so that the ash can 
may be easily removed by raising the cloth 
which confines the dust during sifting, and 
sliding the barrel horizontally along the 
floor, 

It is estimated that in an ordinary house- 
hold from a ton to a ton-and-a-half of coal 
can be recovered from the ashes in a year, 
and this, mixed with the new coal, effects 
a saving which is represented by dollars 
and cents. Aside from this, some considera- 
tion may be given to the cleanliness, and to 
the quick handling of the ashes when being 
taken from the furnace, and when carrying 
out the filled waste barrels from the 
basement. 

The present outfit was comparatively 
inexpensive to construct. Its yearly cur- 
rent consumption is not over three kilo- 
watt hours, and it has been in successful 
Operation for two winters. 


THE CHICAGO FIRE BOATS 
By J. H. CLARK 


The General Electric Company has 
received an order through the Manito- 
woe Dry Dock Company, of Manito- 
woc, Wis., for the equipment of two 
fire boats for the City of Chicago. 

The apparatus is to be used not only 
for pumping water for fire purposes, 
but also for propelling the boats. 

Each boat will be equipped with two 
660 h.p. steam turbines, which will be 
supplied with steam at a_ pressure of 
160 Ibs. and operate condensing with 
26 to 28 in. vacuum. A centrifugal 
pump of sufficient capacity to deliver 
4500 gallons of water per minute, 
against a pressure of 150 Ibs. per 
square inch, will be mounted on an ex- 
tension of the bed-plate of the turbine. 
A 200 kw. D. C. Generator will also be 
mounted upon the same bed-plate and 
direct connected to each turbine, the 
generator being wound for a normal 
full load voltage of 220 volts and oper- 
ating at 1700 r.p.m. 

The ship will be equipped with twin 
screws, and each propellor shaft will 
be direct connected to a 250 h.p.. 250 
volt, D. C. motor operating at 200 rp. 
m. A 25 kw. Generator, and an exci- 
ter of equal capacity, will also be in- 
stalled and will be driven by steam 
turbines. The apparatus will be con- 
trolled by the Ward Leonard system 
of field regulation, and may be operat- 
ed from a controller in the pilot house. 
or one in the engine room, suitable ar- 
rangements being made to prevent any 
interference from the latter when the 
pilot house controller is being manipu- 
lated. 

It will be possible for the operator 
in the pilot house to run one propeller 
in the forward direction at full speed 
while the other is operating at equal 
speed in the opposite direction; or 
either propeller may be run at any 
speed desired. With this control, the 
propellers can be made to assist the 
rudder in steering the boat, and it is 
possible that the rudder may be found 
to be unnecessary except for use as 
an auxiliary in case of emergency. 
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This, we believe, is the first equip- 
ment consisting of a generator and 
motor that has been installed for the 
operation of a ship's” propeller. 

It will be appreciated that with 
electric control arranged in’ the man- 
ner described above, racing of the 
screws due to the propellers being out 
of water when a ship is pitching in a 
heavy sea would be obviated. The 
fact that the controllers are located in the 
pilot house has the following advantages 
over the methods used in the past. 

First; the effort required by the pilot to 
manipulate the controlling switch is no 
more than that necessary to signal the 
engineer in the engine room. 

Second; it provides a much more prompt 
response to any decided change in speed 
or direction, 

Third; the liability of an error being 
made through a misunderstanding of the 
signals from the pilot house is entirely 
eliminated. 


QUESTIONS 


This section is open to inquiries upon engineer- 
ing subjects. The questions will be submitted to 
the respective departments and such as are of gen- 
eral interest will be answered in this column, while 
those of less importance will be answered by letter. 


Q. How may the accuracy of a Thom- 
son Recording Watt-hour = meter, or 
‘thomson Induction Watt-hour meter be 
checked ? 

A. The test may be ntade in two ways: 
first, by the use of indicating instruments 
and stop watch; second, by the use of 
rotating standard or test meter. 

The first method consists of a direct 
comparison between the energy indicated 
by the instruments and the rate at which 
the meter is recording. ‘The latter factor 
may be determined by the formula: 

3600 x K x R 


T 
in which 3600 is the number of seconds in 
an hour (to reduce watt hours, the unit 
in which the meter records, to watt sec- 
onds). 

K is the calibrating constant, marked on 
the dial face of “non-direct” reading 
meters, and on the disk of “direct” read- 
ing meters. 


=Watts 


R is the number of revolutions during 
T, the time in seconds of the observation, 
as determined by the stop watch. 

To obtain the percentage of accuracy, 
the result secured above must be divided 
by the watts, as read on the indicating 
instruments. When testing on direct cur- 
rent circuits, the indicating instruments 
should consist of voltmeter and ammeter. 
For A. C. testing, an indicating wattmeter 
and voltmeter are required, and, if possible, 
an ammeter should also be included to 
determine the power factor. 

For the second method, when using a 
rotating standard, the accuracy of the 
meter under test is determined by the 
ratio of watt hours as recorded by it, to 
the watt hours recorded by the = stand- 
ard during the same interval of time. 

rx k = Watt hours recorded by meter 

under test, when 
r = number of disk revolutions 
calibrating constant. 
= watt hours of rotating stand- 
ard, when 
R = number of disk revolutions 


_ 
i 
“ 
an*~ 
} tl 


Kk. = constant for the coils in use. 
rx k 
_ = percentage of accuracy of meter 
RxkK under test. F. G. V. 


©. If two single phase wattmeters are 
connected on a 220 volt, three wire, three 
phase circuit, and if, during certain periods 
of the day the power factor of the circuit 
falls below 50 per cent, but is for the 
greater part of the time above that value, 
will the arithmetical sum of the readings. 
at the end of thirty days, register the cor- 
rect amount of power used? If not, how 
can correct readings be obtained? 

A. If power factor and condition of load 
are such that neither meter ever runs back- 
wards, then the sum of the two readings 
is the true power. Should one of the 
meters run backwards part of the time, the 
sum of the meter readings will still be the 
true power, neglecting an insignificant 
error, due to the effect of the light load 
compensation, ‘This compensation always 
produces a positive torque, thus causing a 
meter. when running backwards, to under 
record slightly on light loads. The poly- 
phase meter will always give the true read- 
ing. F. G. V. 


MOTOR DRIVEN No. 2 UNIVERSAL 
CINCINNATI MILLER 


By H. H. MEYROSE 


The following illustration shows a No. 
2 Universal Miller built by The Cincin- 
nati (Ohio) Milling Machine Company, 
and driven by a General Electric Company 
Type CR, 3 h.p.. 500 to 1500 r.p.m., 230 
volt, totally enclosed direct current shunt 
wound motor. 

The motor is mounted on an extension, 
which is cast to the base and forms a 
part thereof. The motor, friction clutch 
and chain drive are all at the rear, occu- 
prying space that must be kept clear for 
table travel, and is therefore not available 
for other purposes. 

The friction clutch between the motor 


Universal Miller Driven by Type CR Motor 


and machine enables the operator to con- 
trol the spindle very conveniently for 
making a partial revolution when adjust- 
ing arbors, cutters, ete. The clutch lever 
is at the front of machine within easy 
reach, and the spindle can be started and 
stopped as required, without stopping the 
motor. The duty imposed upon the mo- 
tor when it is started under full lead, ie. 
when a machine is started with the cutter 
in the work, is very severe as compared 
to that required when the motor is run- 
ning at full speed and picks up the load 
gradually, as is the case when the machine 
is started through the friction clutch, 
The equipment is provided with a sepa- 
rate starting rheostat of the underload and 
overload release type, mounted above the 
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table, to be used for bringing the motor 
up to its normal speed. A separate field 
rheostat for obtaining the variation § ts 
mounted on the side of the column. 

The advantages claimed by the manu- 
facturer for this method of control are, 
that the operator may determine the cut- 
ting speed, and further, that if it is neces- 
sary to leave the machine at any time, he 
may return and complete the work with- 
out regulating the speed of motor. The 
motor is always started under no load 
conditions, due to the friction clutch ar- 
rangement described above, 


GOOD SERVICE 


As evidence of the varied uses to which 
the mercury are rectifier may be put, and 
of its great length of life and general 
satisfaction afforded in service, we here 
print an extract from a letter written by 
the electrician of the Woronoco Paper Co... 
of Woronoco, Mass. 


“This Rectifier is of the type usually installed 
in garages for the charging of storawe batteries, 
and has a rating of 30 amperes. It is operated 
ona 220 volt, 40 cycle, alternating current cireuit, 
and gives 110 volts on the direct current side. 

The novelty of this installation lies in the fact 
that this Rectifier replaces a direct current dynamo 
which operated continuously, and supphes current 
for the magnets on our paper machines. These 
magnets are used to extract the small particles of 
iron from the paper stuf previows to its entering 
the machine, These machines are operated with- 
out stop, for 130 hours a week. Twenty-seven 
amperes are constumed in the 3 magnets, and about 
3 amperes more are required for charging the 
ringing battery of our telephone system. 

The Rectifier was installed in May, 1905, but was 
only used for a total of about 200 heurs up to 
Feb, 4th, 1907, when it was then put in continuous 
operation. At this time the tube that was first 
installed was in use, and it was kept in service 
until June 3. 1907, when the side of the tube became 
so coated with mercury, between the starting 
anode and cathode, that it would not start, and it 
had to be removed. This tube shows very little 
wear at the carbons, and no indication that the 
vacuum was impaired, The records we have show 
that this tube was in operation about 2400 hours. 
The present tube, at this writing, has been in 
operation 800 hours. 

When first installed, there was some doubt as to 
the possibilities of the Mercury Are for this 
service, but we are now satished that for simplicity 
of eperation, and for cheapness, it is far ahead of a 
motor gencrator, and as it is not affected by sudden 
changes in load, it requires absolutely no atten- 
tion.” 
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SAMUEL McCLINTOCK HAMILL 


Samuel MeClintock Hamill was the son 
of Rev. Samuel M. Hamill, D.D. and 
Matilda Green: he was bora in Lawrence- 
ville, N. J.. March 27, 1858, and gained his 
earlier education at the Lawrenceville 
school, of which his father was principal 
for over fifty years. Mr. Hamill received 
his college training at Princeton University, 
and was graduated in t88o with the degree 
of Bachelor of Arts. He devoted the next 
three years to teaching and to further 
study, and in 1883 was pranted the degree 
of Master of Arts. 

At this time, having completed his post- 
graduate studies, Mr. Hamill entered the 
employ of the Chicago, Burlington and 
Quiney Railroad, and remained with that 
Company in the office of the 2nd Vice 
President until 18860; when he accepted the 
pesition of Seeretary of the Brush Electric 
Company, ef which coneern he later be- 
came Viee President and General Manager. 
He continued im this capacity until the 
Brush Company was absorbed by the 
General Electric Company, with which he 
has since been associated. 

Mr, Tflamill was a oman of rare business 
acumen and foresight: and showed unusual 
ability in the promotion of business enter- 
prises, and marked capacity as an organizer, 


He was public spirited in the broadest 
and best sense; the interests of the City 
of Schenectady. where in later years he 
made his home. were very near to his 
heart, and it is due to his initiative that 
many improvements, both municipal and 
social, were secured to the city. Among 
these was the Schenectady Trust Com- 
pany, which was organized in tgo3. Mr. 
Hamill and his associates purchasing the 
iterests of the Schenectady Tank for this 
purpose. He was President of the Trust 
Company from the time of its organization 
until his death, 

His active interest and generous contri- 
butions to the Mohawk Golf Club did much 
to insure its success. He was elected to 
life membership and was President of the 
Club for four vears. He was a member of 
the Board of Governors at the time of his 
death. 

The City Hospital, of which he was a 
trustee, the Old Ladies’ Home, and many 
other charities and public institutions, will 
miss the ever ready assistance amd earnest 
cooperation which he has always extended. 

Throughout his hfe he kept in’ close 
touch with his college associates and had 
an exceptionally Jarge cirele of friends 
among prominent men of the day, 

On any subjects in which he was in- 
terested, he held strong convictions, but 
was fair minded withal, and ever ready to 
acknowledge a mistake. ‘Tenacity of pur- 
pose, with courage to pursue the right as 
he saw it, and his natural leadership of 
men, were among his most prominent 
attributes, 


NOTES 

We have recently received a very inter- 
esting little pamphlet published by the 
Fitchburg Gas & Electric Light Co. of 
Fitchburg. Mass. This publication gives 
a complete list of the various uses to which 
electric motors are put in their citv. It is 
mad: up im a very attractive form, with 
numerous illustrations of the apparatus and 
installations, 

The right-hand pages have on their 
inside margin the list of motor appheations, 
and on the balance of the page. opposite 
each item, the name of the concern operat- 
iag the equipment, The left-hand pages 
are devoted to illustrations of the appara- 
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tus or plants, together with short notices 
pointing out the advantages to be derived 
in each case by the use of the motor drive. 

The following are a few of the less com- 
mon motor applications 2numerated: 

Making Paper Stoppers, Novelties, 
Medical Apparatus, 
Making Ginghams, 
Cancelling Stamps, 
Sawing and Splitting Wood, 
Making Candy, 
Mixing Dough, 
Operating Carbonator, 
Grinding and Roasting Coffee, 
Grinding Meats, 
Cutting Leather, 
Making Combs, 
Making Curtains, 
Blowing Organs, 
Washing Bottles, 
Making Brooms, 
Operating Cash System, 
Hoisting Coal, 
Making Cotton Yarn, 
Compressing Waste, 
Horse Clipping, 
Saw Manufiacturing, 
Making Shoes, 
Massaging. 

ae * * 

An attractive set of blotters has been re- 
ceived by us from the Boston office, adver- 
tising the General Electric Company's line of 
small motors. The blotters are each tinted 
in one of three delicate shades, and in the 
upper left-hand portion is a_ rectangular 
space of different color, serving as a back- 
ground for the illustration of the special 
motor advertised. The printed matter gives 
the range of capacity in which the motors 
are manufactured, and sets forth some of 
the special merits and various uses that 
may be made of them, A blank is provided 
at the bottom of the card for the firm name 
of the motor agency to whom the blotters 
are sent for distribution. 

* * * 


CONTRAST OF ACCIDENT HAZARDS 
By SIDNEY N. MOON * 


A reference to the dangers incident to 
the steam engine and shafting which are 
foreign to the electric motor will be self- 
explanatory. 

(a) Set screws, whether close to the 
ceiling or within reach, are a constant 
source of danger. Statutes and ordinances 
exist in many states requiring that set 


*From Insurance Engineering. March, 1907. 


screws shall be guarded or countersunk, 
but the laws are not enforced. 

(b) Revolving shafts, while more often 
out of reach, and connected with the shaft- 
ing by belting, frequently involve the loose 
“jumpers” of the employes, while cleaning; 
with the result that the body is whirled 
around the shaft until the engineer re- 
ceives the signal to stop the machinery. 

When the revolving shaft is brought 
within reach, it is, of course, a greater dan- 
ger, and sometimes the end of the moving 
shaft extends beyond the wall of the fac- 
tory, where it fascinates the ubiquitous 
small child, sometimes resulting in serious 
injuries; while the courts, when appealed 
to, have held that it constitutes legal negli- 
gence to so expose moving machinery as to 
be an invitation to children to investigate. 

(c) The existence of the overhead shaft- 
ing necessarily implies the use of ladders 
for oiling, cleaning and repairing, with the 
dangers incident to defects therein and 
risk of slipping. 

(d) Machinery, as a rule, must be 
cleaned while in motion in order to reach 
the various parts, and, even with a lose 
pulley and convenient shipper to throw off 
the belt from the fixed to the loose pulley, 
there is liability of the machinery not 
stopping as intended, 

With the individual electric motor we 
have 

(a) The machinery of the 
completely covered. 

(b) The button, or switch, at each 
machine by which to shut off the power 
immediately. 

(c) The facility of regulating the speed 
of the motor. 

(d) The saving of space in the factory. 

(e) The loose pulley is rendered un- 
necessary, 

(f) By the introduction of the auto- 
matic circuit breaker, any overload upon 
the machinery breaks the current, saving 
the machinery from damage and the oper- 
atives from possible injury. 

(zg) The machines that are not in use 
are shut down, thus saving the wear and 
tear incident to shafting and belt machinery. 

(h) The complete shutting down of all 
machines not actually in use, eliminates all 
possibility of accident to employes in 
passing around such machines. 


motor is 
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ABSTRACTS OF IMPORTANT TECHNICAL ARTICLES 


I}lustrated * 


New Wrecking Tool Car at Oakland, Cal. 
(Electric Railway Review, June 29, 1607, p. S66) 

A wrecking tool car with a body 3 feet long, 
8 fect wide, and & feet high, mounted on a floor 
structure 46 feet in length over buffers, is used 
for accident work on the city system of the Oak- 
land Traction Co., and the high speed interurban 
system of the San Francisco, Oakland & San Jose 
Railway Co. The electric equipment consists of 
two G. F. 66 motors, with Sprague General El- 
ectric multiple-unit control, and the total weight 
of the car, including the electrical equipment, is 
70,000. Tbs. 

The article gives a complete list of the various 
tools and appliances provided with the car, which 
includes emergency supplies and instructions, and 
the contents of a First Aid Package. 


General Concrete Machine-Shop Equipment 
“Equipment of Buildings other than those devoted to 
Manufacturing Purposes, in Plant of United 
Shoe Machinery Co., Beverly, Mass.” 
(American Machinist, Jalty 18, ‘07, p. 78*) 


The article describes the drop forging depart- 
ment, hardening department, power station, and 
the very interesting foundry. The power station 
is equipped with two 500 and one 100) kw., 600 volt 
60 cycle three phase Curtis steam turbine alter- 
nators, induction motor driven exciters and an 
extensive switchboard, all of which are General 
Electric make. 


Recent Advances in Artificial Lighting 
(Engineering News, July 25, 1907, p. #2") 


Brief illustrated article, giving recent advances 
in artificial lighting, dealing particularly with in- 
candescent and metal filament lamps, and deserib- 
ing the metalized carbon filament, tungsten and 
tantalum lamps made by the General Electric 
Company and their licensees. 


Electric Sewage Pumping Plant at Salem, Mass. 
(Western Electrician, June 29, ‘07, p, S40") 

A very nicely illustrated description of the Elec- 
tric Sewage Pumping Plant at Salem, Mass., 
which has been previously described in the Gren- 
ERAL Evectric Review, of August 1906, page 63. 


Industrial America 
(Cassier's Magazine, July, 1907, p. 250") 

Some comments upon American Machine shop 
conditions by a British workman, including illus- 
trations of General Electric Co's. restaurant for 
employees, and dining room for Foremen and As- 
sistant Foremen. 

The Besly No. 40 Plain Motor Driven Grinder 
(The Iron Age, August 1, 1907, p 201°) 

The No. 40 grinder is equipped with 26 in. disk 

wheels and is direct driven by a 20 hp., 1,200 rp.mn., 


variable speed General Electric Direct Current 
Motor 


A. C. Electrification on the Illinois Traction System 
(Street Railway Journal. July 6, 07, p. 4") 


A map of the present and proposed lines of the 
Illinois Traction System facilitates greatly the un- 
derstanding of the very interesting amount of 
technical data given by Mr. J. R. Hewett, of our 
Railway Engineering Dept., on the immense sys- 
tem which operates at present 381.5 miles of D. C. 
& A.C. railways from a number of power houses, 
most of which are equipped with General Electric 
apparatus. 

For a detailed and profusely illustrated descrip- 
tion of the latest, the Peoria, IIL, power station, 
see the “Street Railway Journal” of July 20, "07, 
p. 86. It is equipped with the following General 
Electric machines: 

Two 2000 kw. Curtis turbine driven alternators. 

One 75 kw. Curtis turbine driven, and one 75 kw. 
induction motor driven exciter. 

Two 750 kw. rotary converters; and a bank of 
750 kw., 23,000-33,000 volt step up transformers. 


Wellman-Seaver-Morgan Mine Hoists 
(The Iron Age, Anagust 1, 1007, p. 284) 


Description of two double reel hoists of differ- 
ent sizes, for the mines of the Compania de Real 
Del Monte, Pachuca, Mexico, which are electri- 
cally driven by means of a 250 hp., 429 r.p.m, 1040 
volt, 50 cycle, three-phase induction motor and 
a similar motor, operated at 600 r.p.m. 

These motors, as well as the controlling appara- 
tus, are of General Electric make. 


The New York Central Electric Lines 
(The Railroad Gazette, July 19, 1907. p. 67*) 

A very interesting account, showing the New 
York Central's Auxiliary Electric Lines, including 
a map and table of mileage of the same. Most of 
the traction equipment is of General Electric 
make and supplied from power houses containing 
General Electric machinery. 


The Electric Hoist and Its Applications 
(The Iron Trade Review, July 18, "07, p. 101) 
A very interesting and profusely illustrated ac- 


count of small electric and traveling hoists as 
manufactured by the Sprague Electric Co. 


The Steam Turbine 
{Cassier’s Magazine, July, 1907. p, 228") 
A brief interesting account, by Prof. Steinmetz, 


descriptive of the fundamental principles of steam 
turbines. 


The Power Plant of the Norfolk & Portsmouth 
Traction Co. 
(The Engineering Record, July 6, 1907. p. 4*) 
(Street Railway Journal, July 13, 1907, p. 52) 
Modern General Electric steam turbine power- 
house practice. 
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General Electric Company 


Starting Panels for Large Motors 


Type S.B. panel complete with addition 
of sub-base and rheostat 


Type S.B. panels are built for heavy duty 
Service, designed for large overloads and 
provided with rugged, positive contacts 


These panels combine in a complete unit, 
a starting rheostat, and a double pole circuit 
breaker having a low voltage attachment. 
Large sizes are provided with field switch, 
discharge resistance and clips 


SIZES: 
40 to 160 h.p. - - 110 volts 
60 to 400 h.p. 220 and 550 volts 
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FUNDAMENTAL PRINCIPLES OF CENTRIFUGAL FANS 
Parr I 
By Maxwein W. Day 


In the January 1907 number of the Gen- 
ERAL Evecrric Review, a description of 
blowers and exhausters was given, having 
special reference to the navy standard line, 
and including a short account of the test 
requirements of the Bureau of Construction 
and Repair, Navy Dept. Mention was 
made of 136 blower sets for the equipment 
of most of the recent naval vessels; and 
since that time, 79 additional sets have 
been sold for the U. S. S. “Oregon”, 
“Massachusetts” and “Wisconsin”, which 
are being refitted; and 78 for the new 20,000 
ton battleships Numbers 28 and 29, These 
sets include fourteen forced draft fans on 
each of these last two ships. 

Quite a number of these fans have been 
ordered for ventilating turbines and other 
apparatus, many being of the double inlet 
type because they can be run at higher 
speed than the single inlet type. A dou- 
ble inlet fan will take in twice the quan- 
tity of air that a single inlet fan will 
admit at the same speed. 

The object of the following article is to 
explain the fundamental principles that 
apply to these fans. In the first part gen- 
eral formule will be given showing the 
relations that exist between head, pressure, 
velocity, &c., and which apply to cither 
liquids or gases, assuming that the varia- 
tion in pressure is so small that the com- 
pressibility of the latter need not be con- 
sidered. 

The second part of the article will ex- 
plain the principle of the fans themselves, 


Fundamental Principles 


Fig. 1 represents a tank of water with 
outlet near the bottom through which the 
water escapes in a_ horizontal direction, 
having a velocity depending upon the 
height of the water above it. Represent- 
ing the height or head of water by H and 
the velocity in feet per second, by V we 
have :— 


V=V2gH 


Fig. | 


The bent tube at the right is called a 
Pitot tube, from the name of one of the 
earlier experimenters. If the lower end 
is turned directly toward the stream of 
water, the water will rise in the tube to 
the same height as the water in the tank, 
except as the velocity may be slightly af- 
fected by the friction of the orifice. This 
tube provides a convenient means of meas- 
uring the velocity of the stream of water 
when it is not confined in a pipe or 
closed vessel. 
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On the other hand, if the Pitot tube be 
moved through still water with the end 
pointing ahead, the water will rise in the 
tube to a height depending upon the ve- 
locity with which the tube is moved, that 
is:— 


This apparatus is also applicable for 
measuring the velocity of other liquids or 
fluids. With a pipe connecting it to a 
suitable water gauge, or other measuring 
device, it may be used for the measure- 
ment of air velocity. 

Fig. 2 shows a double Pitot tube as 
adopted by the Navy Department for fan 
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tests. This consists of an inner tube open 
toward the approaching air and closed at 
the back end, but provided with a branch 
leading to a manometer. The outside tube 
is closed at both ends, but provided with 
slits in the side and a branch leading to 
another manometer, ‘The inner tube meas- 
ures the total impact pressure of the air, 
which consists of its velocity head and the 
static pressure; the outside tube is assumed 
to measure the static pressure only. 

Fig. 3 shows the relation of velocity and 
static heads in a pipe of different sections 
discharging a liquid or fluid from a tank. 
Air, being a compressible gas, is subject to 
different conditions from water, which is 
practically incompressible; but we may 
represent the pressure of air by a column 
of air of uniform density, and this figure 
may, in that case, represent air under pres- 
sure equivalent to the head as shown. In 
the figures given, friction is disregarded. 
At the beginning of the discharge tube the 
area is assumed to be such that the velocity 
of discharge is 32.08 ft. per second. The 
tube then enlarges gradually to four times 


the area in which the velocity is 8.02 feet 
per second, and then contracts gradually 
to an effective opening of 1 square foot. 

The pressure is assumed equivalent to a 
head of 100 feet, which should give a ve- 
locity at the end of the tube through the 
1 foot opening of :— 

V = V2gH = 80.2 ft. per second. 
There is no side pressure at this point, and 
the entire pressure is due to the velocity 
head. 

At the beginning of the tube, with a 
velocity of 32.08 feet per second, the ve- 
locity head is again equal to:— 


leaving a static pressure of 84 feet head. 
In the large part of the pipe, where the 
velocity is only 8.02 feet per second, the 
velocity head is only 1 foot, leaving a 
static head of 99 feet. 

The head or pressure of water is con- 

veniently measured by the height of col- 
umn of water which it will sustain. 
. The weight of 1 cubic foot of water is 
taken as 62.36 pounds, and weight of air, 
under standard conditions of 30 inches bar- 
ometer, 70° F temperature and 70% hu- 
midity, is 0.07465 lb. A volume of water 
1 foot square 1 inch high will weigh 5.2 
pounds, and the height of a column of air 
of standard density, which would just bal- 
ance the 1 inch column of water, is 69.7 
fect: so that in the diagram, the total head 
of 100 feet of air is represented by 1.434 
inches of water. 

In passing from one section of the pipe 
to another, in order to get the advantage 
of the increased static pressure due to the 
reduced velocity head. it is desirable to 
make the change gradually, so as to avoid 
eddies, which are wasteful of energy. 

It should be noted, that the loss 
of head due to friction in the pipe 
is proportional to the square of the 
velocity, and inversely proportional to the 
diameter of the pipe. Therefore. double 
diameter of the pipe, which gives a quarter 
of the velocity. will have only 1/32 of the 
friction, and it is therefore desirable to use 
as large sizes as possible for ventilation 
pipes. In using small pipes for the dis- 
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tribution of air, the velocity head is con- 
siderable, and therefore the static pressure 
is much reduced and the friction very 
greatly increased. 

To determine the loss of head due to 
friction, it is customary to refer to tables 
giving the size of pipe, the velocity of air 
in the pipe, and the loss in head, (meas- 
ured in inches of water, or ounces . per 
square inch pressure, for 100 feet of pipe). 
This loss can, however, be very conveni- 
ently calculated in the following way: 

The loss in head is proportional to the 
coefficient of friction and the square of the 
velocity of the air. The experiments of 


‘ 
S 


Area-23 Sq Ft. 


Naval Constructor Taylor at the Washing- 
ton Navy Yard showed that the coefficient 
of friction for smooth pipes was about 
0.00008, and the loss in head for round or 
square pipes is expressed by the following 
formula :— 


H = 4 & 0.00008 * Vv? 


In which V is expressed in feet per second, 
H in feet head of the fluid, and L and D 
are the length and the diameter, respect- 
ively, of the pipe in feet. The friction 
tables in the Sturtevant catalogue are fig- 
ured on the coefficient of 0.00010 instead 
of 0.00008. These tables will probably 
more nearly meet the conditions of ordt- 
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nary piping, and it is therefore recom- 
mended that this value of coefficient be 
used for calculating the friction loss in 
piping. The formula then becomes :— 

L 

H = 0.0004-—. vy” 
D 
In the later edition of Kent's Hand-book, 

a formula for calculating the loss of pres- 
sure for distribution of compressed air is 
given, which can be reduced to:— 


H = 0.00038 nd yy 


and the table for the loss in friction of 


Fr 
! 
! 
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water in pipes, as given in’ Babeock and 
Wilcox’s Book on Steam, reduces to:— 


H = 0.000375 & y 
D 

It is evident, that a sufficient length of 
pipe will cause a loss of head equal to the 
velocity head, and as it is generally neces- 
sary to know the velocity head in deter- 
mining the pressure necessary to be devel- 
oped by the blower, it is very convenient 
to express the friction in terms of the 
latter. It can be assumed that the loss of 
head due to friction of a pipe 39 diameters 
long is equal to the velocity head. 

The velocity head being expressed as 
follows :— 


138 GENERAL ELECTRIC REVIEW 


If the pipe ts of such length as to have 
a friction loss equal to the velocity head, 
then :— 
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lL Vv’ 
= 0,006 — 
H 1, 0004 D \ Qe 
L_ ; 
p> 38.8 


Hence, when it is necessary to calculate 
the total loss of pressure due to friction, 
divide the length of the pipe by the dia- 
meter (or by the mean of its depth and 
width if rectangular) divide this quotient 
by 39 (or 40 for approximate work), and 
multiply this second quotient by the ve- 
locity head; the result will be the loss of 
head due to friction. This value is also 
approximately correct for the flow of water 
in pipes. 

The velocity head is generally figured in 
terms equivalent to the inches head of 
water, or ounces per square inch pressure, 
or pounds per square foot pressure, and 
knowing the velocity head in any one of 
those three measures. the friction head is 
very easily calculated. 


Curves are attached showing the equiva- 
lent head of air corresponding to the dif- 
ferent velocities of air. ‘The curve ts in the 
form of a parabola, as the ordinates are 
proportional to the squares of the abscissze. 

Besides choosing a pipe of suitable size, 
it is very important, in order to prevent 
friction and eddy losses, to avoid sharp 
bends and sudden changes in the size of 
pipe. It is considered that a square turn 
will use up the velocity head, and that 
therefore the pressure of air after passing 
the square elbow is less than the pressure 
before the elbow by an amount equal to 
the velocity head. Curved elbows of very 
short radivs should also be avoided, and 
it is desirable to use curves of large radius. 

In discharging air from the pipe, or in 
bringing it in from inlet passages, care 
should be taken to avoid sudden turns, 
and if they are absolutely necessary, con- 
siderable extra allowance of pressure must 
be made. 


3 
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Where air is blown from a pipe inte a 
large chamber, or where a fan is used to 
exhaust air from a room and discharge it 
into the atmosphere, the discharge should 
preferably be made through a flaring cone 
in order not to lose the velocity head. 
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Suppose a fan used to exhaust from a 
room into the atmosphere discharges air 
at the rate of 3,000 feet per minute, a ve- 
locity head of 0.56 inch is lost; but if 
the discharge should be made through a 
flaring cone of sufficient length, and hav- 
ing an area at the discharge end of four 
times the area of the fan outlet, the ve- 
locity will be reduced to 750 feet per min- 
ute, and the loss of head about 1/16 of 
what it was before, providing the cone 
operates with an efficiency of conversion 
of 100% ; but even assuming this to be as 
low as 80%, the gain is three-quarters of 
the velocity head recovered, equivalent to 
0.42 inches of water, which can be utilized 
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as additional vacuum on the suction side 
of the fan. 

".\ test on a small fan, working as an 
exhauster, showed that when a flaring dis- 
charge nozzle was used, the suction 
effect was increased by an amount prac- 
tically equal to the theoretical difference 
in velocity head at the discharge. 

In the same way, when using a fan to 
discharge into a pressure pit for trans- 
formers, boilers, etc., a gradually enlarging 
cone will add pressure. The usual for- 
mula, as applied to water, for the loss of 
head due to a sudden enlargement of the 
pipe, such as when discharging into a 
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larger pipe, or into a large chamber, is:— 
(Vv, — V,)’ 
* 8 


In which V, represents the high velocity 
of the small pipe, and V, the lower ve- 
locity in the large pipe. When the differ- 
ence of these velocities is very great, that 
is, when the velocity in the large pipe is 
very small, this loss becomes large, and 
if the pipe discharges into a large chamber, 
so that the velocity V, is negligible, the en- 
tire velocity head is lost. 

The complete formula for the increase 
of pressure, under those conditions, is:— 


oi Ng ee Ng Na 
P, P, > 2p 


Where V, is nearly as large as V,, the 
square of their difference is small, but 
where V, practically equals zero, the pres- 
sure in the large chamber is no greater 
than the static pressure in the pipe supply- 
ing the water. 

I have not been able to actually test this 
formula as applied to air, but I believe that 
the law applies in general and it shows the 
great importance of making the change of 
pipe gradual rather than sudden. 

When air is discharged from one cham- 
ber into another through an orifice in a 
thin wall, the stream of air does not fill 
the aperture, following the well known law 
of the vena contracta; and the quantity of 
air passing through such an opening is 
only about 60% of that obtained by multi- 
plying the total area by the velocity. If 
the air passes through a short discharge 
pipe with well rounded approach, the pipe 
is filled with the stream, and the loss due 
to contraction and friction is very small. 

For ship work, the distributing pipe, at 
the beginning, is of the same size as 
the outlet of the fan; and the specifications 
require a static pressure of approximately 
5 pounds per square foot, and there is 
about 114 pounds per square foot due to 
the velocity head; while for the foreed 
draft fans for the fire-rooms, for pits for 
transformers, and for other purposes where 
the air is delivered into large chambers, 
nearly the full pressure of the fans may 
be utilized as static pressure, when proper 
discharge chutes are used. 

(Zo be continued.) 
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KENDALL GOLD MINING FLYWHEEL 


MOTOR-GENERATOR SET 
By HH... CiuseK 


The following is a brief description of a 
unique and interesting clectrical hoisting 
equipment recently built by the General 
Electric Co., for the Kendall Gold Mining 
Co., of Kendall, Mont. The requirements 


Fig. 1. Horse Power Input. Unbalanced Operation 


which this outfit had toe mect were similar 
to those encountered in| most mine hoist 
installations. 

This hoisting cqtipment was designed 
to raise 2000 Ibs. of ore from a 1000 foot 


Which are provided with the usual clutches 
for individual and combined running. cach 
drum operating a compartment in which 
the weight of the rope is always balanced 
by an individual tail rope, whether the 
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Fig. 2. Horse Power Input. Balanced Opcration 


other compartment is working or not. This 
rope ts 1 inch in diameter, and weighs 1.6 
pounds per foot, the hoisting speed being 
1000 feet per minute, Each compartment 
is supplied with one skip weighing 1400 


Fig. 3. Flywheel Motor-Generator Set tor Mine Hoist 


level every 103) seconds when operating 
two drums, and every 170 seconds when 
a single drum only was in operation, 

The mine shaft has two compartments, 
and extends vertically to a depth of 1000 
feet. ‘T'wo cylindrical drums are used, 


pounds, and having a capacity of 2000 
pounds of ore. 

Figures 1 and 2 show the theoretical 
curves of horse power input to the hoist, 
both when running one compartment, (un- 
balanced operation), amd two compart- 
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ments, (balanced operation). From these 
curves the unusual demand which occurs 
during the period of acceleration is made 
very apparent. 

The capacity of the generating station 
heing somewhat limited, the large rush 
of current incident to starting and ac- 
celerating the hoist tends to produce un- 
desirable voltage fluctuations in the sys- 
tem, and the equipment here described 
was designed to eliminate this trou- 
ble and improve the regulation of the line. 

To this end an outfit was supplied which 
permits of the most perfect speed control, 
allowing the load to be accelerated as rap- 
idly or as gradually as desired. ‘The equip- 
ment was also supplicd with a means of 
equalizing the demand upon the power sys- 
tem, so that instead of being intermittent 
in character it is practically constant. 

The system of control has the further 
great advantage of clectrically braking the 
load in a manner which not only gives 
complete control over the retardation of 
the moving parts of the hoist, but also 
returns a considerable portion of their 
kinetic energy to the flywheel. 

The hoist equipment comprises a shunt 
wound direct current motor, arranged to 
be geared to the hoisting drums, the mo- 


Fig. 4. Flywheel Motor-Generator Set 


tor receiving its power from a motor gen- 
erator set driven from the main power sys- 
tem. This set, as is very clearly shown in 
Figures 3 and 4, consists of an induction 
motor, and a direet current generator, with 
a flywheel swung between them, and a 
direet current exciter overhung at one end 
of the set. The function of this latter ma- 
chine is to excite the field of the generator 
and that of the direct current hoist motor, 
The speed and direction of rotation of the 
latter machine is controlled by varying the 


field strength of the direct current gene- 
rator by means of a rheostatic controller, 
which is conveniently located for the hoist 
operator, 

In this set the induction motor is a three 
phase, sixty cycle, form M variable speed 
machine, while the direct current generator 
is provided with commutating poles, and 
is designed for operating with a very weak 
ficld at all loads. 
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Fig. 5. Diagram of Connections of Flywheel Motor-Generator 
Hoisting Equipment 


Figure 3 shows the diagram of connec- 
tions of the complete equipment. 

The flywheel is a steel casting, machined 
all over and perfectly balanced; it weighs 
about 12000 pounds and operates at a peri- 
pheral speed of about 18,000 feet per min- 
ute. ‘The wheel is used to store energy 
when the hoist is not in operation, and is 
called upon to give up this energy when 
the demand on the line is at a maximum. 

In order to obtain this effect on the part 
of the flywheel of alternately storing and 
surrendering energy, the induction motor 
is arranged for variable speed operation; 
changes in speed being automatically con- 
trolled by the variation of the main line 
current, which is led through a small three 
phase regulating motor operating a water 
rheostat in series with the secondary wind- 
ing of the motor. 

The torque which is produced by the full 
load value of the main line current in’ the 
windings of the regulating motor is ex- 
actly balanced by the weight of the moving 
parts of the water rheostat, so that there 
is no change in the resistance that is in 
series with the rotor winding of the motor 
generator set so long as the motor is taking 
full load current. If. however, it should 
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demand more or less, there is an imme- 
diate movement of the water rheostat, tend- 
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Automatic Slip Regulator 


ing to aceclerate or retard the speed of 
the motor generator set ta such a point 
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The voltage of the cxciter is maintained 
at a constant value during the speed varia- 
tion of the motor generator set by means 
of a Tirrill Regulator. 

Referring once more to Figures 1 and 2, 
attention is called to the curve which 
shows the kilovolt-ampere input to the 
induction motor when a flywheel generator 
set is used. In these curves the undesira- 
ble starting peak has entirely disappeared ; 
it was to secure this result that this equip- 
ment was designed. 

Figure 7 shows the curves of current 
input to the hoist motor and induction mo- 
tor that were obtained from actual test, 
carried on at the works of the General 
Klectric Co. under conditions of load ap- 
proximating, as nearly as possible, those 
which the set would be required to meet 
after installation at the mine. This figure 
shows very clearly indeed, how well the 
automatic devices perform the duty re- 
quired of them, keeping the demand on the 
line practically constant. while the hoist- 
ing motor was called upon for several 
times its full load capacity. 

This equipment has now been installed 
for several months, and is operating to the 
complete satisfaction of the purchasers, as 
evidenced by letters received from their 
engineers commenting upon the behavior 
of the outfit, from one of which we quote 
as follows :— 


Fig. 7. Curve A, Current Input of Hoist Motor; Curve B, Current Input of Induction Motor 
of Motor-Generator Set 


that the indtetion meteor onee more takes 
full load, and the movement of the water 
rheostat is stepped. 

Figure 6 gives a very good idea of the 
regulating motor and the water rheostat 
which it operates. 


“We are pleased to inform you that 
we now have our new hoisting equip- 
ment operating in tip top condition, 
and will be glad to have you and your 
friends make us a visit at any time.” 

(Signed) Kenpare Goto Minine Co. 
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GYROSCOPIC FORCES 


Parr II 
By W. E. Mitver 


Gyroscopic Couple 

Take the case already considered with 
reference to the calculation of the gyro- 
scopic centrifugal force, and consider the 
expression 
m2 (* _ 2 pxw sina | 
gR r r 
giving the total centrifugal force of the 
body. Referring to Fig. 8, consider the 
forces acting on the top half of the circle, 
and those acting on the bottom half of 
the circle, separately. It will be seen that 
the first and third terms under the sum- 
mation sign are additive for both the top 
and bottom halves, but that the second 
jenn ig > 2pxw sina 

gR 

the top half and positive for the bot- 
tom half. These forces, in fact, form a 
couple PP, trying to turn the rotating disc 
(represented by the circle) about the line 
AL; the forces in the upper half acting 
towards the observer, and away from him 
in the lower half. The moment of all the 
forces acting on the upper half of the disc 


w p’ x’ sin *) 


is negative for 
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ra , 2 
where y = x sin a, which equals — 2 z k 

gR ar 
the symbols having the same significance 
as in the previous part of the article. In 
a similar manner, the moment of all the 
forces acting on the lower half of the dise 


ra , 2 
is i Pt the total couple therefore acting 


gR 
2 r -2 Toe Ur Pe 
on the disc is PP = . es or i 
gR r g Rr 
which is proportional to the precessional 
velocity V and the spin velocity conjointly. 
li the spinning body, supported as shown 
in the figure, is initially at rest, it will be- 
gin to fall vertically downward. Divide 
the disc into two halves by a vertical dia- 
meter. Consider the total centrifugal force 
on each half separately, caused by the ver- 
tical components of the velocities due to 
spin and the vertical velocity of the disc 
as a whole. It will then be seen from rea- 


: : \ 
about the diameter AB is — 
gR 


soning similar to that given above, that a 
couple results, acting about the vertical 
diameter, which moves the spinning dise 
towards the observer. If the spin had been 
in the opposite sense, the dise would move 
in the opposite direction. This couple 
Vy Vv W k’ 
we Rr 
portional to the vertical velocity V, and 
also the spin velocity v, produces a_hori- 
zontal precessional velocity whose mean 
value was assumed above to be initially 
impressed on the rotating disc. 

Thus two gyroscopic couples result, act- 
ing in planes at right angles to one another. 
The first is brought into play by the ver- 
tical velocity due to the impressed force 
(gravity) and is proportional thereto. The 
second is produced by the horizontal ve- 
locity resulting from the first, being pro- 


which is of value and is pro- 


portional to that velocity and acting in 
opposition to the impressed foree (gravity). 

Since the two gyroscopic couples always 
act in planes at right angles to the plane in 
which the motions of the spinning  parti- 
cles of the dise lie, they can have no effcet 
on the amount of spin, which is therefore 
constant. 

The above argument suggests a rule for 
discovering the direction in which the 
gyroscopic couple acts when the spinning 
body is rotated in a given direction. Think 
of the body as divided into two halves by 
a plane through the axis of rotation and 
parallel to the body's motion. If the ve- 
locities of the spinning particles in one- 
half of the body, resolved in the direction 
of the rotation, are in the same sense as 
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the rotation of the body as a whole, the 
force of the couple will act outwards in 
that half (with centrifugal force) and in- 
wards in the other half (in opposition to 
centrifugal force). Though this method 
may scem complicated from the statement 
above, which is necessarily somewhat gen- 
eral, it will probably be found simpler in 
a specific case than the rule given in the 
first part of this article. It is also easily 
remembered, being only based on the fa- 
miliar idea of centrifugal force. 

If p=l1, that is, if the peripheral ve- 
locity of the disc and the precessional ve- 
locity are equal, the expression obtained 
for the moment of the gyroscopic couple 


Vv? W k’ 


becomes:— 
recomes eRe 


If B is the moment of inertia of the dise 
about its axis, Q the angular velocity of 
precession, and n the angular velocity of 
spin, it will be readily seen from the above 
formula that this couple equals Bon Q, 

The gyroscopic couple Bon Q@ represents 
a couple acting contrary to that due to the 
impressed force in spinning bodies, and 
gives the moment of the righting effect. 
Thus, in the case of a dise spinning at the 
end of a horizontal axis which is sup- 
ported at one end and acted on by gravity 
only, we have the expression Bon @ equal 
to mgR when the disc’s weight is balanced, 
from which the angular velocity of preces- 
sion can be immediately calculated as 


mfR 

Bn ¢ Bu 
where m f is the foree of the gyroscopic 
couple acting in opposition to the forees 
impressed, 


f= More venerally © 


Vertical Gyroscopic Forces 


In the case of a car or locomotive run- 
ning around a curve, the gyroscopic couple 
(due to the wheels) tries to turn the car 
over about the outside rail, and therefore 
produces a vertical thrust on the outside 
Vv’ W k’ 
uy Rx 
gauge of the track. 

There is also an additional gyroscopic 
vertical force acting which can be directly 
derived from the third term of the expres- 
sion given for the total centrifugal force. 


rail equal to where x ts” the 


‘Taking the moment of this force, which 
acts through the mass center of the ro- 
tating parts, about the rail, we directly 
VW k’ 

2¢Rr 

ment of this force can be regarded as a 
couple QQ when the reaction of the wheel 
tread on the rail is considered. In order 
to obtain the vertical force on the rail due 
to the above, consider the couple turned 
through a right angle and acting with the 
track gauge as its arm; then dividing the 
moment of the couple by the width of the 
VF W k? 
2¢gRrx 
which represents in the case of the wheels, 
an upward force over the inside rail, and 
a downward force on the outside rail. The 
total vertical downward force on the out- 
side rail, due to gyroscopic action, will 


obtain the expression The mo- 


gauge, x we obtain the expression 


fig 2 


3 OW Vek 


therefore be 
vy Rrex 


* 
= 


Path of the Mass Center of Spinning Body Supported 
at One End 


Consider a circle rolling with uniform 
speed on a straight line. Let the angle 
through which a point on its circumference 
has turned in time t be represented by pt, 
this point will trace out a cyeloid 
whose equations can be represented by 
u 


uy . 
X=->> (pt—sinpt) andy > | 


” 
~ 


(l—cos pt) 
Where u is the diameter of the rolling circle. 

The vertical and horizontal velocities and 
accelerations of the tracing point of the 
circle revolving uniformly will be repre- 
dy dx d*y d’x 


sented by 
“vy at’ dt’ dt®’ dt 


respectively. 
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In the case of the eyeloid given by 
the above equations :-— 


Vertical velocity, - p sin pt (1) 


; ; u 

Horizontal velocity, 4. = A (1— cos pt) (2) 
da’ 

Vertical acceleration, dt’ = 2 (5) 


. er | eee 
Horizontal acceleration, ae i 
dy 1 d*x 


Therefore the vertical velocity a p dt’ (4) 


; . ay pu dx)... 

andthe verticalacceleration , = _— Ju) 
at 2 dt 

The two last equations show that the ver- 
tical velocity of the tracing point of the 
curve ts directly proportional to the hori- 
zontal acceleration, and also that the verti- 
cal acceleration is equal to a constant 
minus a quantity proportional to the hori- 
zontal velocity. 


yup’ cos pt 


sin pt (4) 


jn 

R 
tained, shows that a force m f is produced 
when a spinning body precesses with angu- 
lar velocity Q which is proportional to that 
angular velocity. This force has also been 
shown toe act at right angles to this ve- 
locity. The total vertical foree acting on 
the body will therefore be at any moment 
the gravitational force minus a foree pro- 
portional to the horizontal angular ve- 
locity. .\s the only horizontal force acting 
is that due to the vertical angular velocity, 
the horizontal acceleration is proportional 
to the vertical velocity, and depends upon 
it only. This is what the cycloid equa- 
tions state, and they will therefore com- 
pletely represent the position and motions 
at any instant of the mass center of the 
spinning body when the constants of the 
equations of the cycloid are properly deter- 
mined. In other words, the body moves in 
a cycloidal path. 

In order to determine the constants u 
and p it must be noted that, initially, the 
spinning body is at rest, and therefore com- 
mences to fall vertically, under the influ- 
ence of gravitational acceleration only. 
*y mRg_ up’ 


d 
rhus, from (3) we have ac a »° 


The formula = mf already ob- 


A being the moment of inertia of the spin- 
ning body about an axis through the point 
of support at right angles to the spinning 
axis, R the distance of the mass center of 
the body from the point of support, nt 
the mass of the body, g the gravitational 
acceleration, and y the verticle angle 
through which the body falls. Now obvi- 
: 


ously, gravity is balanced when an = {5, 
and since at that instant the horizontal 
angular velocity is oT we have 
from (6) — pi lout i = we , from 
which we have; -u = sit *, and P 4 


The equations of motion, and those de- 
fining the position of the body at any in- 
stant, can then be written as follows: 
where @ = y is the vertical angle of 
fall, and x = © is the angle through which 
the axis moves horizentally. 


AmRg (1 ee Bn t) 


— Bin’ A 
AmRy /Bu . Bo 
ul — 
' ea (ata sin yt) 
ny) mRy . Bn 
= s t 
dt Bu aaa | 
dav mRg / _ Ba 
a = Bat (i- 4 t) 
Pa] - 3 
ye _m : on a 
da? mRy . Bn 
ae = a Ma t 
The maximum angular fall, or angle of 
2mAR gy 
nutation, is therefore :— ake * the 


angular span of the cycloid is equal to:-— 


2r7mARg ar 
the mean precessional angular 


B'n* 
velocity which balances gravity is:— mh e 
; , Bn 
and the period of a complete nutation :— 
T 27 A 
Bn 
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The actual velocity of the body at any 


mRg | Bn. \ 

Bu \2(1-c0s A t) from 
which it follows that the mean centrifugal 
« ry 8. 
2W\ ( 4 Prk 

Rg 2r 
that found for a body precessing without 
nutation. ‘The maximum centrifugal force 
will be double this again. 

In the case considered, the axis of spin 
makes an angle of 90° with the vertical. If 
the axis had been inclined at an angle a 
to the vertical, the equations could have 
been obtained from considering the equa- 
tions of a cycloid, the diameter of whose 
generating circle was u sin a. It would 
then be found that @ the angle of fall, 


instant is 


force equals ) or twice 


: : 1 
must be reduced in the ratio — = but 


that the horizontal angle was the same as 
before, though of course the length of the 
horizontal span of the cycloid would be 
sin a times the angular value, 

Since the moment of the couple Bon Q 
balances the moment of the gravitational 
couple m g R; nutation would not occur, 


mg R 

Bn 
initially impressed on the rotating mass. 

If precession is prevented, the axis would 
fall as if the body were not spinning, but 
a couple will act trying to make the body 
er where is the 
vertical angular yelocity. 

The above reasoning is only true if the 
spin is rapid, or which is the same thing, 
if the vertical angle of the body's fall ts 
small, so that the gravitational acceleration 
can be regarded as constant throughout the 
motion. ‘This, however, is generally true 
of gyroscopes. To make the matter quite 
clear, a short summary of the above is 
given below. 

The mass center of a body, supported at 
one end and spinning sufficiently rapidly, 
moves in a cycloidally corrugated circular 
path, that is, nutation occurs. The down- 
ward and upward movements of the spin- 
ning axis are zero twice in each complete 
period of nutation, and the precessional ro- 
tation is a maximum when the axis is at 
the lowest point, and zero at the highest 


if the angular velocity Q = were 


precess equal to 


point, the axis being at this instant mo- 
mentarily at rest. The precessional and 
nutational velocities are the velocities due 
to gravity which would be acquired by the 
body without spin if its mass center slid 
along the path actually traced out by it. 

If the plane of the cycloid Fig. 10 be 
wrapped round a cylinder whose axis 
passes through the point at which the body 
is supported, the curve so found gives the 
motion of the body's mass center. At the 
points A and A', the axis is at rest, and 
will therefore be momentarily vertically 
aceclerated downwards, due to gravity only. 
At the points B and B', the angular hori- 
zontal and vertical velocities of the axis are 
the same, the horizontal angular velocity 
being the mean rate of precession which 
produces an upward force balancing grav- 


ity. This velocity is equal to the uniform 
velocity of the center of the generating 
circle, and is acquired when the axis has 
fallen through half its total vertical dis- 
tance, the time taken being 4 of the whole 
period of the complete nutation and the 
direction of motion making an angle of 45 
degrees with the line AA'. At the point 
C, the axis has reached its lowest position, 
and is moving horizontally with a maxi- 
mum angular velocity which is double the 
angular velocity at Band B'. The upward 
force at this point will therefore be double 
that due to gravity and therefore sufficient 
to carry the body again to its original 
level. The angular velocities, the period 
of a complete nutation, and the span of 
the cycloid, are marked on the diagram; 
the various symbols having the same sig- 
nificance as before. 

The following example has been worked 
out in order to see what quantitative re- 
sults are obtained in a definite case. The 
example chosen will be clear from Fig. 11. 
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A steel disc 1 inch thick and 3 inches in 
diameter is supported at one end of its 
horizontal axis at a point 3 inches from its 
mass center. The disc revolves at 100 
revolutions per second. The weight of the 
dise is 2 pounds. 

From the dimensions of the disc, ete., 
its radius of gyration about its axis is 1.06 
inches and 3 inches about an axis through 
the point of support. 

From the above data we have the fol- 
lowing :— 

The mean precessional angular velocity 
= 1.64 radians per second, 


fg tl 


One complete revolution is completed in 
3.8 seconds. 

The maximum horizontal velocity of the 
end of the axis = 1 foot per second, nearly. 

The maximum vertical angular fall— 
24°. 

The maximum vertical descent of the 
end of the axis = 5/32 inch, nearly. 

The period taken for one complete nu- 
tation = .086 seconds. 

The nutational frequency = 11.6 per sec- 
ond, 

The number of nutations in one complete 
precession = 44, 

Mean centrifugal force = 772 pounds. 

From the above it will be seen that the 
axis rises and falls through a small angle, 
that the angular velocity of precession is 
also small, the frequency of nutation is 
high, and the maximum gyroscopic cen- 
trifugal force extremely large — much 
greater than that due to the precessional 
velocity of the mass without spin. 


Electric Locomotive Rounding a Curve 


The side thrust on the rails, caused by 
the centrifugal forces due to spin of the 
rotating parts of a locomotive or car travy- 


elling round a curved track, is an interest- 
ing example of the effect of gyroscopic ac- 
tion which has recently received some at- 
tention, The necessary data for calculat- 
ing this force has been obtained from one 
of the General Electric Company's loco- 
motives. 

The following are the approximate values 
of the constants required :— 

Total weight of locomotive, 189,000 
pounds; total weight of the rotating parts 
on the driving axles, 46,400 pounds; on 
other axles, 10,000 pounds; the radius of 
the driving wheels, 22 inches, and of the 
other wheels, 1734 inches; the radius of 
gyration for the motors and driving wheels 
with respect to the axle, 12.3 inches, this 
radius being 12 inches for the other axles 
and wheels. In order to see what the 
forces amount to in a special case, let us 
assume that the locomotive is moving 
round a curve of 2,000 feet radius at a 
speed of 100 feet per second (about 68 
miles per hour). 

Using the formula already obtained, 
Ww vk 
g R 2r 
of the revolving parts, k their radii of 
gyration, V the velocity of the car round 
the curve, R the radius of the curve, and r 
the radius of the wheels—and substituting 
the values given above for the electric 
locomotive, it is found, neglecting the su- 
per elevation of the outside rail, that there 
is a total outward force on the rails of 
1130 pounds, due to the rotation of the 
driving wheels and motors, and a_ force 
of 355 pounds due to the other wheels and 
axles, giving a total outward thrust on the 
rails of 1485 pounds. The centrifugal force 
produced by the locomotive taken as a 
whole, without considering the gyroscopic 
centrifugal force caused by the rotating 
parts, is 29300 pounds. The additional 
force, therefore, occasioned by the gyro- 
scopic effect of the motors and wheels, is 
almost exactly 5 per cent of the centrifugal 
force calculated by the usual formula. As 
both these forces vary as the square of the 
speed round the curve, this percentage is 
a constant, and is independent of the 
speed. 

As already mentioned, if the motors had 
been geared, the gyroscopic centrifugal 


—where W is the weight 


148 GENERAL ELECTRIC REVIEW 


force due to them would have acted in op- 
position to the main centrifugal force and 
that produced by the rotation of the wheels. 
tesides the outward centrifugal forces, 
there will be an additional vertical pres- 
sure exerted on the outside rail, which can 
be readily calewlated from the formula al- 
3 W V® k® 
a where 
2 g R rx 
x is the track gauge. Using the constants 
already given, it will be found that the 
total vertical pressure on the outside rail, 
owing to the gyroscopic action of the 
rotating parts and driving wheels, is 1320 
pounds, and that due to the other wheels 
is 350 pounds, er a total of 1670 pounds. 


ready obtained, viz.: 


Trolley Car Running Over High Rail 


If a car running on a straight track, en- 
counters an obstruction or a high rail on 
one side which raises one wheel, the front 
wheels and axle will try and twist round, 
It is therefore of interest to approximately 
calculate how much turning torque is pro- 
duced in a specific case, 

If the car’s front left hand wheel (look- 
ing in the direction of motion) meets the 
obstruction, the axle of the front pair of 
wheels will try and twist to the right, but 
as the metor armature revolves in’ the 
opposite direction, it will try and twist the 
axle to the left. ‘The resultant torque will 
therefore be to the right or to the left, 
depending on which of the two revolving 
factors is of greater importance, 

Let Vo be the velocity of the car; a the 
height of the obstruction: r the wheel ra- 
dius; x the gauge of the track; d the dis- 
tance between the bearing centers of the 
motor on the axle; Ky, and Ky the radii 
of gyration of the armature and wheels, 
axle and gear, respectively; on, and ny 
the angular velocities of the armature and 
wheels, respectively; and Q the maximum 
angular velocity about one rail, due to the 
lifting of the wheel when it passes over 
the obstruction. This quantity is the same 
for both armature and wheels and axle, 

/) api_at . 
and equals ¥ ~ seb 7 . Let Wa and Wy 


be the weights of the armature, and wheels 
and axle, respectively. 

The formula Bon Q, giving the moment 
of the twisting, couple can be readily trans- 


. 3  2ar—a* V 
w ly 
g r x 
the wheels, axle and gear, and to 
Wa kK? / 2 ar—a’* V 

4 r 
ture and pinion. The total torque (maxim- 
um) will be:— 
f/2ar—a* V (Wy Ky’ nw Wa K,’ n,’ 

ro x ( g - # ) 
which if positive, means that the front 
Wheels and axle will twist to the right, 
and if negative, to the left. 

The above formule only refer to the 
maximum value of the gyroscopic couple, 
which occurs at the moment when the 
front wheel first strikes the obstruction. 
This value of the couple, therefore, only 
obtains momentarily, and a truer estimate 
of the forces involved will be made by 
taking the time integral of the couple. The 
time integral will be found to be directly 
proportional to the height of the obstruec- 
tion a, if the horizontal velocity of the 
wheel is assumed constact throughout the 


formed to for 


for the arma- 


° rye . . ~? —— 
motion. ‘The total time taken is V*#™—4 


and therefore the average couple will be 


aV 
jae y Which is” prac- 
yowart~—a 
tically equal to one-half the initial or max- 
imum value if a is small compared to r. 

Thus the various maxima of the couples 
and forces calculated below must be di- 
vided by 2 to give the average value, 
which can be considered to last through 
the whole period of action, equal to 0.0006 
seconds. 

In the case of a single truck car running 
50 feet per second (34 miles per hour) 
along a straight track, and mecting an 
obstruction 14 inch high, the wheels being 
33 inches in diameter, Q (maximum) will 
be 2.5 radians per second. If the motors 
are GI-90, and the wheels of ordinary 
type, the approximate radii of gyration will 
be 4.6 inches and 11) inches, and the 
weights, 690 pounds and 1350 pounds, re- 
spectively. The distance d will be 288 
inches, and the gauge 4 feet 8'4 inches. 
If a gear ratio of 2.90 is used, the angular 
velocities of the wheels and axles, and 
motor armature are 36.5 and 106, re- 
spectively. 


proportional to 
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Then the torque (maximum) due to 
the wheels and axle is 3200 foot pounds, 
and that due to the armature 830 foot 
pounds. The resultant torque in this case 
will be to the right and equal to 2370 foot 
pounds. The moment of the couple acting 
at the motor axle bearings will be 3200 
foot pounds, and therefore dividing by 4d, 
the twisting force on each hearing will be 
1340 pounds, and on the axle boxes about 
500 pounds. With a greater gear ratio, 
say 4.73, the latter force would be reduced 
to about 400 pounds. 

Owing to the wheel gauge being slightly 
smaller than the track gauge, the spring 
suspension of the car bodv and the plav 
in the axle boxes, the wheels and axles will 
slew slightly before the car as a whole is 
affected, and the edges of the wheel flanges 
may bear slightly against the sides of the 
rails. 


Size of Gyroscopes 

Since the moment of the couple pro- 
duced by the gvrosconic action of a ro- 
tating body is proportional to its weight, 
square of radius of gyration and angular 
velocity of spin and precession conjointly, 
it follows that the linear dimensions of a 
rotating mass can be chosen so as to give 
anv controlling force between wide limits, 
without exceeding the strength of the ro- 
tating element. For the same reason, it is 
alwavs possible to proportion the rotating 
element and determine its angular velocity 
of spin so that sufficient gevrosconic effect 
is produced for controlling the motions of 
a body of practically any dimensions, 
withont making the gyroscope dispropor- 
tionally large or heavy or straining it he- 
vond a safe limit. 

To illustrate the amount of the bal- 
ancing couple to be obtained from a spin- 
ning hody, let us take the case of the 
evroscope which was actually fitted in the 
tarnedo hoat, Seehar: This vessel has a 
dismlacement of 52 tons, is 116 feet long, 
with an 11.7 foot heam. The gyroscone 
was 3.25 feet in diameter, ran at 1600 
rom. and weighed 1100 pounds. The 
radius of gyration can be taken as 1.25 feet 
anproximately. Then assuming the pre- 
cessional angular velocity allowed was 1 
radian per second, the moment of the gvro- 
1100 & 1.25% x 2a x 1600 % 1 


scopic couple = 39.260 


‘for basing 


= 8900 foot pounds, which is almost ex- 
actly 4 foot tons—a considerable control- 
ling force considering the weight of the 
gyroscope. ‘The gyroscope used could have 
been spun at double the angular speed with 
perfect safety, which would have doubled 
the moment of the force calculated above. 


Steam Turbines 


The consideration of the gyroscopic 
forces due to vertical steam turbines is of 
great interest, and without going deeply 
into the question, it would seem from the- 
oretical considerations that the gyroscopic 
effeets could be neglected in all cases which 
occur in practice. Any slight unbalancing 
which will obtain in the revolving clement 
tending to bend the shaft is so small as to 
produce only negligible displacement of 
the shaft mass center and will not be suffi- 
cient to produce a gyroscopic couple of 
any magnitude. Such forees as are called 
into play will tend to keep the plane of 
the rotating wheel horizontal, and thus 
prevent anv rubbing against the interme- 
diates. Were sufficient data available 
conclusions as to the 
probable values of the above, and 
the necessary constants were determined, 
the calculation of the gyroscopic forces 
could be made. As, however, the various 
causes are to a certain degree interdepend- 
ent. the true resultant action might be 
difficult to determine. 

The gyroscopic problem for turbines in 
steamships is on an entirely different foot- 
ing, as the impressed forces are large, due 
to rolling. pitching, or steering of the ves- 
sel: and the base, size of shaft. bearings, 
etce., must therefore be designed with suffi- 
cient strength to take care of the increased 
stresses, Tf a horizontal type of turbine 
be placed with its axis approximately in 
coincidence with the axis of the rolling of 
the vessel, that is to sav longitudinally, it 
will exert no force due to heeling. When 
the steamer pitches. the gyroscopic forces 
will tend to turn the bow of the vessel to 
port or starboard: this turning, however. 
is negligible. owing to the ereat length of 
large screw steamers, and therefore pitch- 
ing will not he affected. If the turbine 
were of the vertical tyne. so that its ro- 
toting element revolved in’ a horizontal 
nlane, its action due to rolling of the boat 
would tend to make the vessel pitch slight- 
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ly. If the pitching were entirely prevented, 
due to the length of the vessel, the turbine 
would have no effect on the rolling, but 
would try and turn over fore and aft, pro- 
ducing increased stresses on the shaft, 
casing, base of the turbine, and the scant- 
ling of the boat. If pitching occurred, the 
turbine would make the steamer roll slight- 
ly, which motion would tend to reduce the 
pitching. This tvpe of turbine would have 
no gyroscopic effect on the steering. 


Paddle Wheel Steamers 


In paddle steamers it has been found 
that the paddles exercise some influence on 
the steering of the vessel when rolling. If 
the rudder is moved so as to turn the bow 
towards the starboard side, the vessel will 
heel over somewhat to port, and in so 
doing will tend to neutralize the turning 
due to the steering. On the other hand, 
if the waves cause the vessel to roll to- 
ward the starboard, the gvroscopic effect 
of the paddle wheels will slightly turn the 
how of the vessel round towards the star- 
hoard side, from which results a couple 
tending to prevent the rolling of the ves- 
sel. This is one of the reasons why paddle 
hoats roll less than screw steamers. An- 
other effect is when the steamer heels to 
starboard and the starboard wheel there- 
fore dips further into the water. the ves- 
sel turns to starboard and not to port, 
whereas the increased denth of the star- 
hoard naddle wheels in the water tries to 
turn the vessel to port. Thus the gvro- 
scopic effect of the paddle wheels in this 
case tends to counterbalance the force ex- 
erted by them on the water and helns the 
steamship to keep a_ straight course in 
stormy weather. 


Conclusion 


In conclusion it should be mentioned 
that, owing to the interest aroused by Herr 
Schlick’s adaptation of the gyroscopic 
principle to prevent the rolling of vessels. 
and also Mr. Brennan’s recent inventions 
in connection with a self-supporting mono- 
rail car, a considerable amount of litera- 
ture has recently appeared in various tech- 
nical and other papers relating to gyro- 
scopes. Any one therefore who is inter- 
ested in obtaining further information on 
these phases of the question can do so by 
referring to these articles, 


POTENTIAL CONTROL OF ALTERNA- 
TING CURRENT SYSTEMS BY 
SYNCHRONOUS MOTORS 
WITH TIRRILL 
REGULATORS* 

By Ernst J. Bere 

To obtain independent potential control 
of different feeders in a distribution system, 
some kind of regulator must be used. Fre- 
quently such control is obtained by the 
use of a transformer provided with a num- 
ber of taps which are connected to a dial 
switch. The potential is then varied, either 
automatically or by hand, by connecting 
the lines to different sections of the trans- 
former. Another and more satisfactory 
way is that of using a synchronous motor 
in connection with a Tirrill regulator. This 
arrangement operates to maintain constant 
potential in the receiving circuit by virtue 
of the following well known characteristics 
of the synchronous motor. 

For any given load on a synchronous 
motor the armature current is at a mini- 
mum for a certain critical value of the field 
excitation. At this point the motor con- 
stitutes a load of unity power factor, the 
current taken by the motor being neither 
lagging nor leading. For weaker field ex- 
citations the current taken by the motor 
is lagging, and for stronger field excita- 
tions the current taken is leading. There- 
fore controlling the excitation of the syn- 
chronous motor is a means of varying the 
power factor of the local receiving circuit 
of which the synchronous motor forms a 
part. 


General Discussion 

Before attempting to explain the rather 
complex electrical phenomena involved in 
this method of control, it may be desir- 
able to recapitulate some of the funda- 
mental principles involved in any electric 
power transmission proposition. 

The general equation giving the rela- 
tion between EMF's, currents and_ line 
constants is: 

(1) E=e+IZ 
where 
E=voltage per phase at generator 
e=voltage per phase at receiving 
circuit 
I=total current in each line con- 
ductor 
*Reprinted with alterations from July, low Review. 
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=i+ ji, - ji, 

j, i, i,, and i, being respectively 
V-l, energy current, and wattless currents: 
i, being lagging when positive and i, being 
leading when positive. 

Z=impedance per phase = r — jx 
r and x being respectively the resistance 
per phase and the reactance per phase, in- 
cluding, of course, transformers and reac- 
tive coils as well as line. Assume that the 
generator voltage is very constant, and the 


« 
4 


ratio - =k 
e 
a for | and Z in (1): 
=e + (i+ ji,-ji,) (r-jx) 
re iir+bi,x-i,x-j (ix -i, r+ ir) 
Inasmuch as the imaginary term in this 
expression is small compared with the 
real term we may neglect it and write 
(2) E=e+ir+i,x-i,x 


_e (1—k)--ir+-i, x 


and i, a 


The voltage of the generating station 
is most conveniently kept constant at all 
loads. The function of the synchronous 
motor, connected at each receiving center 
with the regulator for controlling the 
field excitation, is to maintain the receiv- 
ing circuit at constant voltage the value 
of which will be determined by the calcu- 


* 


lations. Since k = in any particular 


branch system, the problem is to keep 
this ratio constant at all loads. It results 
from this condition that at light load 
or no load on the receiving circuit a lag- 
ging current has to be taken by the 
synchronous motor to establish an arti- 
ficial drop, when otherwise there should 
be none, and at full load a leading cur- 
rent should be taken to help to overcome 
the drop due to the load proper. 


* 
) 


Substituting k = S and the full load 


values i=C, i,=C, and i,=C, in (2), and 
solving for C,: 


e (I~k)+Cr+C,x 


(3) C,= 7 and 
(4) k _e+Cr+C, x—C,x 
e 


These questions thus give a means of de- 
termining the amount of wattless current 


C, necessary to maintain the ratio k 
between generator voltage and receiving 
voltage, over a transmission of constants 
r and x, at full load on the receiving cir- 
cuit proper, that is with a load of C 
amperes energy current and C, amperes 
lagging current. 

To use the synchronous motor to best 
advantage it should give full leading cur- 
rent at full load, and full lagging current 
at no load, on the receiving circuit proper. 
Thus, at no load, substituting C=0, C, =0. 
and C,=~—C, for lagging current, in (4), 
we get 
e-+C,x 

e 

Substituting this value of k in (3) and 
solving for Cy: 

(5) c= Cr+Cx 
. 2x 
Again, substituting this value of C, 


in (4): 
(6) baie te 

Since C, is the leading or lagging cur- 
rent taken by the synchronous motor, 
these two equations (5) and (6) give us 
the rating of the synchronous motor and 
the ratio of voltages at all loads between 
generator and receiving end_of line. 

To find the synchronous motor current 
for any fractional load of the receiving 
system proper, substitute the value k, as 
obtained in (6), in (2), and solve for i,, 


obtaining: 
(7) . _ ir+i,x - Cr+-C, x 
— x 2ex 
which is therefore a general equation giv- 
ing the synchronous motor currents for 
any loads i and i’, in the receiving circuit 
when C and C, represent the full load 
values. 
At half load (7) becomes 
i.=0 
that is, the synchronous motor runs with- 
out wattless current. At less than half 
load i, is negative, that is lagging, and 
at more than half load i, is positive, that 
is leading. 
The total line current is I=i+ ji, -ji, 
or T=i+j (i,-i,) 
or I = yi? + (i, -i,)? 
the line loss is therefore [i? + (i, -i,)*]r 


k= 
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and the per cent line loss of the loss if 
no compensation were used is 
eis _3\8 we 

(sy) 100 TATE T _ 1001-7 s ) 

i*+i, i 

There is obviously no reduction in line 
loss if i, = 2i,, but there is gain if i, < 2i,. 
It is also obvious, from (7), that the 


greater the reactance (x) the smaller is 
the synchronous motor current (i,). 


As a rule the line and transformer react- 
ance is not sufficient to enable the most 
economical synchronous motor to be used, 
but additional reactance has to be installed. 
There is, however, a practical limit to the 
amount of reactance that can be used, but 
it is safe to say that unless the line and 
transformer reactance amounts to 15 per 
cent, reactive coils should be installed so 
as to bring the total reactance to between 
15 and 20 per cent. 


Application of Tirrill Regulator 


This regulator to work satisfactorily 
should not be called upon to take care of 
a range of field excitation of more than 
100 per cent. Therefore, to utilize the 
synchronous motor to its full capacity 
it should have such characteristics that 
with a change of field excitation of 100 
per cent the current changes from full 
load lagging to full leading. Such = syn- 
chronous motor must have a close regu- 
lation—i, e., should give at least three 
times full load current when = short. cir- 
cuited with normal field. 

Motors which have a= short. circuiting 
current of from 1.6 to 2 times full load 
current are therefore not suited for con- 
trol, except at a reduced rating. These 
motors, with 100 per cent variation of field 
excitation, can only be used as compen- 
sators to 33 per cent and 67 per cent of 
their rated outputs, respectively. 

It is often desirable to make use of the 
compensating synchronous motor for power 
purposes, especially since the synchronous 
motor lends itself to this double function 
with very slight increase of heating. 

The theoretical relation between me- 
chanical output and output as compensa- 
tor Is as sine to cosine, as given in the fol- 
lowing table, or vice versa: 


PER CENT OF RATING ENERGY PER CENT RATING FOR PHASE 


OUTPUT. CONTROL. 
100 : 0 
95 31 
90 43 
80 59 
71 71 
50 87 


As an illustration, assuming that the 
calculations indicated a synchronous motor, 
as compensator, of 310 kw. capacity, and 
that a synchronous motor of 1000 kw., 
running at a maximum load of 950 kw., 
was already installed, the use of the motor 
for both phase control and power purposes 
would result in only normal heating. 


Numerical Instance 

1000 kw. 60 cycle three-phase power 
is delivered at 10,000 volts over a line 
10.2 miles long made of No. 0 B. & S. 
wires 18 in, apart. The power factor of 


the load is 89.5 per cent. 
"1 watts delivered 1,000,000 =57.8 
~ deliv'd voltage x V3 10,000 y30 °° 


C, ¥ )'—c" 


= i( : 
\ \ Power Factor 


(57.8)? 
= —57.87 =2 
(sss) 57. 8.9 
The resistance and reactance are ob- 
tained from equations given in the discus- 
sion of line constants, as: 
r=10 ohms 
x=11.5 ohms. 
Substituting these values in (5): 
_Cr+C,x__ (57.8) (10) + (28.9) (11.5) 
~ ay 2 (11.5) 
= 39,5 amp. 
Substituting in (6): 


Cr+C€\x 
=1 >on 


xe 


Cc 


: 


k = 1.079 

Thus since full load energy current is 
37.8 amp. the synchronous motor must 
have a capacity equal to 68 per cent of the 
energy output, and the generator voltage 
should be kept 7.9 per cent higher than 
the voltage at the receiving end. 

The reduction in line loss by the use of 
the compensating motor is obtained by 
substituting these values in (8), as: 
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_2(28.9)-+ (39.5) — (39.5) (39.5)\ og, 
100(1 57.87 23.9" )=ss. 


i. e., 83 per cent of what it would have 
been if no compensation were used. Or, 
putting it in another way, the line copper 
could be decreased 17 per cent for the 
same loss, 


Calculated Tables 


The following tables facilitate deter- 
minations of the various constants in- 
volved in these problems, and refer to 
unit energy delivered at the receiving sta- 
tion. Various percentages of resistance and 
reactance are considered. Resistances of 
5, 10 and 15 per cent mean that 5, 10 and 
15 per cent of the voltage per phase at the 
receiving end is consumed in the trans- 
mission resistance when full load current 
is passing. Reactances of 10, 20 and 30 
per cent mean reactances of such value 
that if full load current is passing the 
drop will be 10, 20 and 30 per cent re- 
spectively. 

The tables are worked out for various 
power factors of the load, and give the 
ratio of generator voltage to voltage at 
the receiving end of the line. The size of 
the synchronous motor is given as the ratio 
of synchronous motor rating to energy 
output of load, and the relative line losses 
are given with and without the use of the 
motor. 


The values in Table I are computed for 
a total reactance of 10 per cent, made up 
of line reactance proper and any other 
reactance in series with the line. Table 
II is computed for a total reactance of 
20 per cent, and Table IIT for a reactance 
of 30 per cent. 

The following example will serve to 
illustrate the use of the tables. 

Assume a line of 10 ohms resistance 
and such reactance that with energy cur- 
rent flowing there is 10 per cent drop 
in voltage (referring to the receiving end), 
and 20 per cent total reactance, consisting 
of 10 per cent in line reactance and 10 
per cent in special reactive coils. The 
power factor of the load is 89.5 per cent. 

Referring to the table: The synchro- 
nous motor should have a capacity equal 
to 50 per cent of the actual load; the 
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generator voltage should be kept 10 per 
cent higher than the voltage at the re- 
ceiving end; and the line loss will be 10 


per cent, instead of the 12.5 per cent 
which it would be if no compensating syn- 


chronous motor were used. 


Compensation for Line Drop by Synchronous Motor 


TABLE! 
—_————— eee 
4 = -_ 
- et 2 = - s r=1 
nn 3 = ew f = = 
~ & ~t ek & pea 38 ‘wisest: = 
a4 = ou & mh Et FREE FS_e 
go Shay TP PP ZEbeeei sg 
» 2 et be Se st Seer woe 
Pa ef #o: 23 bse $84 £82222 
3 hae Bos 
BG ER se re ESE MERGE 
ai Full | 8. : & bs 
a4 12.5 2.8 2.80 
we 12 1e5 1.00 “ 1.235 12 
Wa 12.6 O.al ae 
u 3 o. O31 
Full Mw. 6.3% h. 
a4 2. a. 26 
o.5 12 1.06 1.00 o 16 1. 
4 25. 0.39 OM 
Res., 5 0 Th 0 138 
Full 75. me. 5.3 
React., 10 a4 7.5 4.63) BT 
7.7 2 1.075 tuo 0 2.5 25h 
4 a7.5 oa ou 
0 Th “ 28 
Full Wi. | Mb 69 
a4 mH. 1.2 5M 
i ) 12 1. Le i] 5. 5. 
14 ha. 13 O.8 
0 Hib 60 6.2 
Full w. We 6 
a4 2. 5.5 
wo /2 1.46 1.00 0 2.5 25 
4 i. ie 1.35 
“ mM. if) 2.5 
Full 75. 12.5 10.6 
a4 FG 7.4 5.68 
0.5 : 2 10S 1.00 i} 3.125 +8 
4 wt O78 r 
Res., 10 “ 75. o. 5.6 
ull uo, ou. Ww. 
React., 10 a4 wo. 18 65 
W.7 tS 1 lw 5. 5. 
4 fa). 1.3 OS 
0 Mm. a Ww. 
Fall 196.5 4 TLRS 
aw m3 Bae ML 
™ 2 «1.1 (1.00 0 to. Ww. 
4 4.9 2. 1.35 
ee ee aan | 18.6 
Full v5. 1h. 24 
w406=C° Breer 8.45 10.56 
Too 2 1.405 1.00 0 4.75 3.75 
V4 set nn |) ed 
u Th. 0 a4 
Full 1a, WS.7 00 18.75 
a4 fal. rs ee 
: 80.5 Ve Li 1.00 if + 4 
i t MW 3.06 
Res., 15 u m0 OE. 
Full 125. 0) 9 
React. 10 a4 2.5 16.9 KOS 
M7 V2 1.195 1 0 7.5 74 
a R54 1.87 3.06 
iT) 125. 0 24 
Full 161.5 16.7 
24 8 SBR 12.08 
w» 12 1.18 Loo 0 13. Wi. 
wa a 3.75 8.06 
0 1) a2 
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3 
a - 
22 63 
ea o™ 
5é =5 
= a & 
a ° 
a 
1H 
0.5 
Res., 5 
React... 200 
| W07 
m0 
on 
aut 
Res., 10 
Renet,, 20 
0.7 
uw 
foo 
Oh 
Res., 15 
React, 20 
TUG 
tut 


Energy Load at 
Receiving End 


morse 
= 


“ce 
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Compensation for Line Drop by Synchronous Motor 


TABLE I! 
+ 2 
= 

oA om 
2 t a) 
ig £4 
oF 

s§ 53 
s 8 
oS ft 
151.00 
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Las 1.005 


118 1 
1.05 1.0 
Law 1.00 


4 i 1.15 1. 


122h On. 


1.125 (1.00 


bas 1.00 


Capacity of 
Synchronous 
Motor* 
Compensation 
Per Cent 
Line Loss 
With 
Compensation 


i 


——= 7 
-— Se eto ee HO 


TABLE Ill 
2 3 = 
. et a = a = = 
& ee ty Ew = ses foe & 
- + w mos +Fes 2 -~4 
e 5 4 s 4 eltsae 
EE 2 Sy ty Fy oe E528 shee 
cg 52 BE 2 FE 225 :222 527k 
a5 (2 £2 sg © e se esac’ & 
Hinge £1 a ® oC 
- Full a OG. 5.08 
+ F 4.145 2.87 2. 
we 2 1.085 1.0m “ 1.35 13 
14 4.15 0.31 OR 
u a OO 0.04 
Full Be 6.25 5.14 
4, W737 3.55 3.8 
5 12 1. Lan 0 1 1.46 
14 W7 O08 Om 
Res., 6 u 3 0 0.56 
> Fall ae | 5.88 
React., 20 a4 2 (5.63 3.86 
Oo 1/2 1.175 10 0 2.5 2.5 
4 20.3 0. Om 
" 5a8 0 1.71 
Fall 4. OL 07 
A 7.3 18 6.21 
1) V2 51.28 Lom 0 5. 5. 
4 7.3 125 (OR 
; _ “ 4.6 4. 
Fall 16.66 10. 10.28 
ha a3 5.03 OF 
10 2 1.05 Lm 0 2.5 : 2.5 
M4 k3 0 OO 
iu 1.16 0 0.28 
Full 4h.6 0° 12.5 10.06 
wa W.8 7.1 5.91 
Oo F/2 11 1D “ 3.19 B15 
wa 20.8 0.78 Om 
Res., 10 0 41.6 0 i 1.73 
" Full 6.6 Oh. 1.u 
React... 30 w4 8.3 1128 | 7.36 
W.7 2 bm 1.00 0 i & a. 
a) 8.3) 1.25. (Leo 
1) 6.6 0 | 0.4 
Full 0.3 40. | 149 
w4 B15 86 LT 
fT) LZ oie 10o))6€8mlCl dO DO. 
4 51.6 : 2.6 0.08 
- “ LE: 10.6 
Full 25. 16. 15.9 
we 12.5 8.45 5.68 
1m 12 1085) LO 0 8.75 3.7 
Wa 4 Om 117 
u 2 0 0.68 
Fall fe 18.7 lb. 
Bie | 2. 10.55 ° 8.68 
st Ve 115 1h 12 i +e 
Res., 15 ing i o. | ss 
mac Fall %. 1568 
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4 7.5 | 1.87 : 11 
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Full 1.7) | 2.6 
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*This gives synchronous motor capacity as a percentage of the energy output of the recciving circuit, assuming a synchronous 


motor that has a short cireuit current three times as large as a normal full load current. 
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TYPE V LONG LIFE GAS CAP, FOR A. C. 
SERIES ARC LAMPS 


By G. N. CHAMBERLIN 


A new gas cap has been designed for 
the open base enclosing globe type of series 
alternating are lamp. ‘This cap is of the 
well-known spiral groove construction, hav- 
ing a spiral of increased length and cross- 
section, as compared with the cap hereto- 
fore used, 

Other conditions being similar, the rate 
at which carbon is consumed by the arc 
depends, within certain limits, upon the 
exclusion of air from the enclosing globe, 
and this is accomplished in the spiral 
groove cap by affording the air and gases 
a long path which is of low resistance as 
compared with the extremely high resist- 
ance path between the ground edge of the 
globe and the globe seat. 

The constant movement of the upper 
carbon, regulating the are length, together 


¢ 


Parts of Type V Long Life Gas Cap 


with the high temperature gases confined 
within the globe, cause a continual varia- 
tion in pressure, or a pumping effect, often 
sufficient to lift the cap from its seat on the 
globe, or if tightly held, to break the globe 
in many pieces. 

With a low resistance path available for 
these otherwise constrained gases, it is 
obvious, that with increased pressure in 
the globe, the gases will follow the spiral 
passage; and then, as the pressure de- 
creases, these hot gases will be drawn back 
into the globe, thus preventing the entrance 
of fresh air with its supply of carbon con- 
suming oxygen. 

This protection of the arc from the out- 


side air can be carried to such an extent 
that the carbons will not be sufficiently 
consumed, ‘This results in the carbon be- 
coming graphitized on the ends (commonly 
known as mushrooming), the are length 
shortened, and the lamp becoming inopera- 
tive. 

Having in mind the higher potential at 
all times available on the constant current 
series alternating system, this improved 
cap was designed to give the lowest rate of 
carbon consumption possible without any 
appreciable sacrifice of stable operation and 
general efficiency. 


For the constant potential lamps of 100 
to 120 volts, either direct or alternating 
current, this cap is not recommended. Tf 
used, the lower rate of carbon consump- 
tion will materially affect the operation of 
the lamp, and more than likely make it in- 
onerative. 

The service required of an enclosing 
lobe can is necessarily severe. The fin- 
ished surface for the globe seat must not 
rust when exposed to the atmosnherie con- 
ditions of anv section of country. and it 
mist not oxidize or become distorted when 
subjected to the intense heat of the are. 

Tro meet these conditions. the can proper 
is made of a high grade composition metal 
casting. The ton plate is of galvanized 
iron, separated from the main casting by 
a sheet of asbestos. This asbestos forms 
a packing between the two, and prevents 
anv leaking of air or gases hetween ad- 
joining spirals. which would thereby 
shorten their effective length, Tron being 
less affected bv the high temnerature of 
the arc than the composition metal, it is 
used for the bottom of the can. and in 
addition to completing the lower wall of 
the sniral or passage, it affords protection 
to the composition metal where the latter 
is subjected to the direct flame and intense 
heat of the arc. 

While beine an advantage to future pur- 
chasers of series alternating open base en- 
closing globe lamns, this can is esneciallv 
recommended to the users of ahont 100.000 
lamps that have heen furnished during the 
past ten years. The actual increased life 
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which a purchaser of these caps may ex- 
pect will depend largely upon the condi- 
tion and style of the older caps in use. 
This can be determined by a trial instal- 
lation. An increased carbon life of from 
15 to 30 hours will be obtained. 


While the cap is more expensive than 
those heretofore manufactured, the extra 
cost is fully warranted by the increased 
carbon life, which reduces the cost of car- 
bons, globe breakage and general trimming 
expenses, 


RAILWAY SIGNALS 
Part? III 


By F. 


Automatic Block Signals—Confinued 


All block signals may be classified under 
two general systems or methods of opera- 
tion, viz., “Normal clear” and “Normal 
danger”. 


B. Corry 


governed by that signal is already occu- 
pied, or if the track relay is opened by 
any of the various danger conditions men- 
tioned in the preceeding chapter. 

Where manually operated signals are 


Fig. 1. Circuits for Home and Distant Signals with Line Relay 


In the normal clear system all signals 
are maintained in the clear or proceed 
position, except when a train enters the 
block or some other dangerous condition 
exists, under which circumstances the sig- 


used, the normal danger system is prac- 
tically universal. Where automatic sig- 
nals are employed, however, the practice 
of the railroads is not uniform. Those 
who favor the normal danger system con- 


Fig. 2. Circuits for Home and Distant Signals, “Wireless System” 


nals are released and move to the stop or 
danger position by gravity. 

In the normal danger system, all signals 
stand in the horizontal position, indicating 
stop, except when cleared by an approach- 
ing train; it being so arranged that such 
a signal cannot be cleared if the block 


tend that such a system involves less lia- 
bility to signal failures in clear position, 
i. e., to false clear indications; on account 
of the fact that, during the greater portion 
of the time, the signals stand at stop po- 
sition. This system has a further advant- 
age, in that it requires less battery power 
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for its operation than the normal clear sys- 
tem, on account of the fact that the mag- 
net for holding the signal in its clear posi- 
tion is energized for a much less portion 
of the time. 

The advocates of the normal clear sys- 
tem, on the other hand, claim that the 
additional complication of the normal dan- 
ger system is unwarranted, and that the 
simplicity of the former tends to greater 
reliability of the signal system as a whole. 
It is also true that, under certain condi- 
tions, derangement of apparatus by light- 
ning troubles can produce a more danger- 


TO TRACK RPALS 


RMANENT MAGNET 
” LECTRO MAGNET 


TO OFSTAMT SIGNAL 

POLARIZED AMMATURE - TO MOME SIGNAL 
MELTRAL ARMATURE 

COMMON Wine 
Fig. 3. Diagram of Polarized Relay 


ous condition in the normal danger system 
than in the normal clear. The great ma- 
jority of signals now being installed oper- 
ate on the normal clear system, and it is 
doubtful if the normal danger system is 
preferable for any conditions, except where 
trains are so infrequent that corrosion is 
liable to take place between movements, 
and thus cause the signal to remain in its 
normal position after current is cut off. 
Under such conditions, however, automatic 
block signals are rare. In order to get a 
clear understanding of the circuit used in 
practical railroad signalling, it is best to 
begin with the consideration of the normal 
clear system. 

Figure 1 is a diagram of the two-arm 
home and distant system as usually in- 
stalled. It will be noted that the home 
signal is controlled directly by the track 
relay, while the distant signal is controlled 
conjointly by the line relay and by the 
circuit closer attached to the home signal. 
The line relay is controlled by the track 


relay of the block in advance. It may 
also be arranged to be controlled both by 
the track relay and by a circuit breaker 
attached to the home signal, the latter 
method being preferable in most cases. 
These line relays vary in resistance accord- 
ing to conditions under which they are 
used, the higher resistance of the opera- 
tion coils being the only feature which 
distinguishes them from the track relays. 

Figure 2 is a similar diagram showing 
the connections of the so-called “wireless” 
or polarized system, which has been in- 
stalled to some extent, but only by one 
signal company. It will be noted that this 
system eliminates both line wires and line 
relays, the relays used being known as 
polarized track relays. Figure 3 shows 
diagramatically a relay of this type, and it 
will be seen that when the relay magnets 
are de-energized, both of the secondary 
circuits are open. When these magnets 
are energized by current flowing in one 
direction in the track, the home signal cir- 
cuit is closed while the distant signal cir- 
cuit remains open; when the energizing 
current is reversed both secondary cir- 
cuits are closed, which position on the 
relay corresponds to the clear position of 
both signals. 

In connection with polarized relays, a 
pole changer is attached to each home sig- 
nal. This pole changer is introduced be- 
tween the track battery and track rails, 
so that when the home signal is operated, 
the polarity of track circuit is changed. 


~omean Citae 


aoe 


Fig. 4. Comparison of Normal Clear and Normal Danger 
Circuits 


From this brief explanation, it is believed 
the action of the apparatus shown in Fig- 
ure 2 will be clear. 

While the polarized system climinates 
the line wires and their accompanying dif- 
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ficulties of maintenance and lightning trou- 
bles, it introduces certain objectionable 
features on account of the less positive 
action and complication of the relays and 
pole changers required. It will be seen, 
that at the time the pole changer is thrown 
by the home signal, there is a m.m.f. tend- 
ing to reverse the polarity of the perma- 
nent magnet; the results of such a reversal 
might be most disastrous. 

The diagrams just mentioned refer to 
the two-arm home and distant signal. It 
is unnecessary to introduce other diagrams 
for the three-position signal, as the cir- 
cuits are the same, with the exception, that 
in three-position signalling, the track relay 
controls the movement of the signal from 
the stop to the caution position, while the 


and, under certain track conditions, in- 
crease the liability of delaying trains from 
their failure to shunt promptly. Of course 
the arrangement of circuits for special 
cases differs greatly from the example 
given, but the principles of operation are 
about the same. 

An interesting modification of the nor- 
mal danger system is seen in Figure 5, 
which shows the circuits now being in- 
stalled by the Baltimore & Ohio R. R. in 
connection with General Electric M-110 
motor signals. ‘This installation is to ex- 
tend from Baltimore to Washington on 
the main line; a large part of this work 
being already completed and in service. 
The most novel feature of this installation 
is the use of electric incandescent lamps 


Fig. 5. Normal Danger Circuits, B. & O. R. R. Standard 


line relay controls the movement from the 
caution to the proceed position, 

One company which is the chief advocate 
of the normal danger system has installed 
a very large number of signals on this 
plan. 

Coming now to the consideration of this 
system, it is not necessary to make com- 
plete diagrams to show its operation, for 
the difference is most clearly seen by a 
comparison of the elementary circuits of 
the two systems. Figure 4 shows two 
such elementary circuits, which can be 
easily compared. In many cases addi- 
tional relays, called clearing relays, are 
used at the battery end of the block to 
avoid the use of extra line wires. These 
relays increase the battery consumption 


. 


operated from a battery, these lamps taking 
the place of oil lamps heretofore used. It 
will be seen from a study of the diagram, 
that the lamps are only lighted when a 
train is approaching the signal. By this 
arrangement, and by the use of special 
prismatic reflectors with low candle power 
lamps, the battery consumption will not 
be excessive. 

Having considered a number of different 
track circuits, as well as the apparatus used 
in connection with them, we are now in 
position to take up the various forms of 
mechanisms used to move the signal arms. 
A number of such mechanisms will be 
shown in the next part of this article. 


To be Continued 


RECENT ADVANCES IN ILLUMINATING ENGINEERING 
By W. D’A. Ryan 


Iuminating Engineering has made phe- 
nomenal progress during the past year and 
is now generally recognized as a distinct 
specialized branch of engineering. 


Fig.1. Radial Wave Reflector 


Two periodicals are exclusively deyoted 
to the subject, and the technical press in 
general has, for some time, given this 
branch of engineering great prominence in 
this country and abroad. 


Pig.2. Special Wing Reflector Fitted to Arc Lamp 


The Illuminating Engineering Society 
recently formed has a membership of over 
one thousand, composed in part of influ- 
ential representatives of industrial and 
scientific institutions, including Mr. Arthur 


Williams, ex-President of the National 
Electric Light Association, Mr. L. A. Fer- 
guson, Vice-President of the Chicago Edi- 
son Company, Mr. C. L. Edgar, President 
of the Boston Edison Company, Professor 
E. L. Nichols, of Cornell University, Pro- 
jessor H. E. Clifford of Massachusetts In- 
stitute of Technology, and Dr. A. E. Ken- 
nelly of Harvard University. 

Branches of this Society have been 
formed in New York, Boston, Philadelphia, 
Pittsburgh and Chicago, and they are 
being extended to Denver, San Francisco 
and other centres, 

As further evidence of the general in- 
terest in the subject, we may note the 
active work along this line now being con- 
ducted in the engineering colleges through- 


Fig. 3. Plain Type Diffuser for Plaster Ceilings 


out the country. Furthermore, the most 
prominent electric lighting companies are 
including iHluminating engineers as part 
of their permanent organizations and we 
are hardly in a position to supply the de- 
mand, 

The MWluminating Engineering Society 
has appointed an International Committee 
on Standardization, and the results obtained 
will be far reaching. 

Conservative engineers should be par- 
ticularly careful at this juncture in regard 
to the publishing of comparisons of illu- 
minants in order to counteract the unfor- 
tunate tendency in certain directions to 
take advantage of the prevailing enthusiasm 
on the subject and to advance false values 
and distorted curves for the purpose of 
conunercializing certain lamps and reflect- 
ors irrespective of the results obtained. 
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The science of Hluminating Engineering 
must necessarily suffer a reverse if this 
method is pursued without further oppo- 
sition, It has proceeded sufficiently far to 
influence people who ought to know bet- 
ter; for example, we note at the present 
time a tendeney in various directions, in- 
cluding the technical press, to indiserim- 
inately diseredit the value of the are in 
favor of incandescent and other lamps. 

Lamps of the Mereury Vaper type, are 
photometered and candle power values are 
used in comparison with incandescents and 
ares, when as a omatter of fact the candle 


power of certain amps with strong verti- 
ele distribution has been compared to the 
mean spherical candle  poower oof the 
are lamp, thus making a showing for the 
former. 

Many so-called Liminometers and candle- 
foot photometers are also being nride and 
used to obtain illumination data, the major 
part of which is of questionable value. 


Initial vs. Operating Candle Powers 

The only logical comparison of candle 
powers for various Uluminants, particularly 
for interior lighting, is the mean spherical. 


Fig. 4. Boston Edison Exhibition Room by Day Light 


power values have only a oshlight relation 
to the illuminating values of the various 
lamps compared, Likewise considerable 
data is being furnished on the vertical can- 
dle powers of various illuminants, which 
is entirely misleading. Elaborate tables 
for computing wall reflections are in evi- 
dence, which only serve to further prevent 
a clear conception of the relative useful- 
ness of the various Ulominants; and = in 
preparing candle power data, costs of op- 
crating, ete, lower hemispherical candle 


whether it be that of incandescent. are, 
mercury or other lamp. Suitable retlectors 
may be used to change the distribution of 
the light on any of the lamps to meet the 
comlitions, with the posstble exception of 
one which has such a strong vertical dis- 
tribution that it is dificult to change its 
direction without serious loss. ‘The com- 
mon practice of figuring Hlumination on the 
initial candle power basis should be dis- 
couraged. Some poor examples of illu- 
minating engineering are monuments to 
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this practice, and the are is frequently dis- 
credited by a false conception of this im- 
portant point. 

Lrietly, in’ figuring illumination, about 
1 per cent should be added to the initial 
iumination of the ares, and about 20 per 
eont to the incandescents to cover depre- 
ciation, globe deposit, ete, thereby repre- 
senting service conditions. 

Over a period of one thousand hours, 
under all conditions of operation, we can 
say that the multiple enclosed are lamps, 
whether alternating or direct current, will 
rin between two and three watts per mean 


power is 80 per cent of the initial, the effi- 
ciency of the former is 4.5, and of the latter 
5.1 watts per mean spherical candle power. 
li these Jamps were frosted to conform 
with the prevailing demand, the figures 
would stand nearer 5 for the former, and 
5.5 for the latter. Furthermore, it is not 
customary to immediately remove lamps 
when they reach 80 per cent of their ini- 
tial candle power, so it is safe to say 
that the standard incandescent lamps, of 
the initial efficiencies mentioned, will av- 
erage over a period of 800 to 1000 hours, 
anywhere from 4 to 6 watts per mean 


Fig. 5. Boston Edison Exhibition Room Lighted by Selective Ceiling Diffuser System 


spherical candle power, This covers a 
wide range of currents, and also the varia- 
tions due to carbous feeding, globe deposit, 
ete. Compare this, for example, with the 
standard incandescent lamps, of 3.1) and 
3.5 watts per horizontal candle power, with 
clear bulbs. ‘The former has a mean spheri- 
cal efficieney of 3.76 watts, imitial, and the 
latter 4.24 initial, After the lamps have 
burned te the limit of their so-called useful 
life, namely, to the point where the candle 


spherical candle power, with a renewal 
cost of from one-half to six-tenths of a 
cent per kilowatt hour, as compared with 
0.2 to O03 cents per kilowatt hour for the 
maintenance of the are lamp. ‘This gives 
for the are lamp = practically double the 
light under service conditions, over the 
period of time mentioned, Notwithstanding 
the difference in efficiency, there are many 
cases where ares are used, when inean- 
descents would give better results, and 
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vice versa. It is not altogether a question 
of efficiency and cost, but a question of 
adaptability to surroundings. 

Now, while the GEM lamp with clear 
bulb, shows initially an improvement of 
possibly 15 to 20 per cent over the 3.1 
watt lamp, this advantage is somewhat 
offset by a more rapid depreciation. 

The tantalum Jamp has direet-current 
limitations, the cost is relatively high, and 


Fig.6. Suspended Type Ceiling Diffuser 


under the circumstances the improvement 
in efficiency is not sufficiently great to 
warrant its replacing GEM lamps to any 
considerable extent, especially where the 
cost of current is low. 

The tungsten lamp promises to rival 
the arc in initial efficiency, We have no 
evidence as to whether or not it will be its 
equal or superior under running conditions, 
that is, the service condition, with the time 
factor introduced. Furthermore, we know 
that where a white light is necessary, the 
tungsten cannot compete with the carbon 
arc, notwithstanding the somewhat general 
impression to the contrary, based possibly 
upon casual observation of exposed lamps, 
and not on actual color selection test. On 
the other hand, the light is rather cold for 
domestic purposes. It promises, neverthe- 
less, to revolutionize commercial lighting, 
but there is no reason why we should sur- 
render the advantages of the are lamp for 
all classes of lighting until we actually 
have a fair substitute. 

I might state that it is the purpose of 
the Hluminating Engineering Department 
of the General Electric Company to dis- 
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seminate accurate and useful information 
in connection with the subject, and to be 
absolutely impartial in specifying appara- 
tus, whether ineandescent, enclosed are, 
magnetite, tungsten, or other illuminants : 
it is only on this basis that [luminating 
Engineering can properly progress. 


New Apparatus of the General Electric Co. 


The work of the Illuminating Engineer- 
ing Department has of late been) more 
along the lines of utilizing to good advyant- 
age the existing apparatus, rather than the 
development of new material. Some im- 
provements of note, however, have been 
mace, 

Incandescent Street Lighting —Radial Wave Reflector 

Figure 1 illustrates the radial wave re- 
flector designed originally for the lighting 
of the passenger platforms and standing 
tracks of the New York Central depots in 
New York City. Its use has been ex- 
tended to incandescent street lighting, as 
a substitute for the present so called im- 
proved street reflector. Curve 1 shows 
the performance of the new 40 c.p. tung- 
sten series incandescent lamp without re- 
flector, with the improved street reflector, 
and with the radial wave reflector. The 
increased Ulumination in the lower hemi- 
sphere with the improved street reflector 
is 16 per cent, and with the radial wave 
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Curve}, Mean Distribution of Light in Vertical Plane, 
Tungsten Series Lamp with Street Reflectors 


reflector 39 per cent. It will also be ob- 
served that the characteristic is unusually 
good, a decided maximum occuring at ap- 
proximately 10 degrees below the horizon- 
tal. 


RECENT ADVANCES IN ILLUMINATING ENGINEERING 163 


New Magnetite Lamp Reflector 


There has been some criticism on the 
light from the magnetite arc as being rather 
weak in the vicinity of the are and the 
shadow of the pan in the globe stronger 
than desirable. A new reflector has been 
designed to eliminate these weaknesses 
without materially cutting down the light- 
ing at a distance from the lamp. 


New Street Reflector for Enclosed Arcs 


In laying out the lighting for the Dupe 
Railway Yards at St. Louis, it was found 
necessary to design a 26 inch inverted con- 
centric reflector with a screening vane at- 
tachment for concentrating the light in a 
given direction (Figure 2). These reflect- 
ors have been specified for the Peoria & 
Pekin Union Railway Yards, and the Al- 
toona Yards of the Pennsylvania Railway, 
and will be used in future for this class 
of work. By omitting the vane, it makes 
a much more eficient street reflector for 
enclosed are lamps than the one that has 
been used for some time, and may be sub- 
stituted. This reflector is made of steel 
and has an extra heavy coating of porce- 
lain enamel, 


Plain Type Ceiling Diffusers 
A plain type is now ready for use in 
connection with plaster ceilings, (Fig. 3), 


Fig.7. Photographic Studio Diffuser 


also the type EF where the coves are made 
in plaster as shown in Figure 4, which is 
a daylight photograph taken in the exhi- 
bition room of the new Edison Building 
in Boston. Figure 5 shows the same room 


as illuminated by the diffusers, by the light 
of which the photograph was taken, At- 
tention is called to the fact that there are 
no dense shadows, while at the same time, 
there are sufficient differences in light and 
shade to prevent the illumination from he- 
ing “flat.” 


Combination Diffuser 

There are instances where it is desirable 
to provide two forms of light, namely 
white and yellow, and for this purpose a 


Fig. 8 Photograph Made by Light of Studio Diffuser 


diffuser has been designed so that by 
throwing the main switch one way the 
ares are lighted, and by throwing it the 
other way the incandescents or tungsten 
lamps are lighted. 


Suspended Type 


In the lighting of large areas, such as 
big power houses, drill halls, ete., it is 
desirable to reduce the number of outlets 
as far as possible, consistent with reason- 
ably good distribution. The suspended 
type diffuser has been designed for this 
purpose, each diffuser carrying either two 
or four arcs. For 25 cycle three-phase 
work, groups of incandescents or tungsten 
lamps are used, one-third of the lamps 
being connected on each phase. Owing 
to the extensive application of 25 cycle 
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current to railway service, it has been 
found necessary to devise this for the 
lighting of machine shops and other places 
where they do not care to introduce an 
additional frequency. 

I might mention the suspended type 
of diffuser (Figure 6) which can be at- 
tached directly to the ceiling or be sus- 
pended at any desired height by chains. 


Photographic Studio Diffuser 
This is shown in Figure 7 and is simi- 
lar to the suspended type; it has in addi- 


Fig.9. Six light Tungsten Incandescent Fixture 


tion, however, an apron and a diffusing 
screen. This diffuser contains two lamps, 
each burning two ares of 714 amperes cach 
on direet current, and 10 amperes cach on 
alternating current, The apparatus makes 
the photographer practically independent 
of daylight. A perfect Rembrandt can be 
taken in about one-tenth of a second, as 
shown by the accompanying photograph, 
Figure 8, in which the speed is well illus- 
trated by the expression of the subjeet. 
A couple of these studio reflectors have 
been installed in the Winchester Arms® 200 
vard rifle ranges to illuminate the targets. 
and the results have been so satisfactory 
that it has now been decided to lay out 
the lighting for fifty ranges from which 
daylight will be excluded entirely. 


Tungsten Fixtures 


In the lighting of the department store. 
for example, it is desirable to reduce the 
number of outlets to a minimum and main- 
tain the same uniformity on all floors as 
far as possible. This simplifies the layout, 
cuts down the cost of conduit and wiring. 
and makes it possible, at any time, to 
change from white to a yellow light, or 
vice versa, without interfering with the 
outlets. 

Generally speaking, it is good engineer- 
ing practice to equip, say, a seven or eight 
story department store with three or four 
floors of white light, and the remaining 
floors with yellow light. One are lamp. 
when properly equipped, can be placed so 
as to distribute its illumination over the 
ordinary bays varying from 18 to 30 feet 
square, It is therefore necessary to have 
an incandescent unit which can be substi- 
tuted, particularly on the upper floors 


Fig. 10. Four-light Tungsten Incandescent Fixture 


where the studding is mot so high ane 
where the intensity of the tlumination is 
usually less. For this purpose we have 
designed the fixtures shown in Figures 0 
and 10, These are for either four or six 
tungsten lamps in series or multiple, 


MOTOR DRIVEN ICE CREAM FREEZERS 


sy Miss O. L. Brown 


Nearly a half century ago, in 1861, Oliver 
Wendell Holmes in his observations as the 
“Professor” in’ “Elsie Venner”, wrote a 
witty truth that holds almost equally good 
taday :— 

“Whatever may be the cause, it is 
well known that the announcement at 
any private rural entertainment that 
there is to be ice cream produces an 
immediate and profound impression. 

There is something so audacious in 
the conception of ice cream that it is 


during the Summer days in the North; but 
it has, furthermore, been long accepted by 
physicians as indispensable for a light and 
nutritious food in hospitals among many 
classes of patients. 

Sull another field in which ice cream 
holds dominant popularity and has prac- 
tically no rival, is in connection with Sum- 
mer beverages; every druggist. to be up 
to date and to meet the insistent modern 
demand, must be prepared to furnish ice 
cream soda and “college ices”) A) large 


Motor Driven Ice Cream Freezer with Ice Breaker 


not strange that a population unde- 
bauched by the luxury of great cities 
looks upon it with a kind of awe and 
speaks of it with a certain emotion.” 
This “defiance of the seasons”, as Dr. 
Holmes well calls it, “forcing Nature to 
do her work of congealation in the face of 
her sultriest noon”, has now become a 
prime necessary of life, not only among 
those of the white race who are aliens in 
the tropics, in our own hot Southland, and 


supply of ice cream, therefore, is a sive gua 
non, 

Improvements have been steadily made 
in hand operated and mechanically driven 
freezers, to meet the requirements of the 
enormous demand, but it remained for 
electricity to be applied to this branch of 
work to provide ideal conditions, 

Any improvement which offers to a 
manufacturer a reduction in the cost of his 
product, commands instant attention; if, 
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in addition thereto, the product is made 
superior by this new method and the labor 
of obtaining it materially lessened, he 
“waits not upon the order” of its adop- 
tion, but adopts at once. 

The direct connected, General Electric 
motor driven ice cream freezer combina- 


Motor Driven Swivel Top Ice Cream Freezer 


tions of F. E, Whitney, 65 Sudbury Street, 
Boston, manufacturer of the standard “Bos- 
ton freezer”, have been widely adopted and 
are achieving an enviable reputation, as 
numbers of these outfits with General Elec- 
tric motors have been in use for over two 
years, and of these the maker asserts: “l 
have yet to receive the first complaint”. 

These equipments are very widely scat- 
tered, some being in Callao, Peru; Havana, 
Cuba; (where there are four, two of which 
are 414 gallon single freezers, one a nine 
gallon double, and one a twelve gallon 
double); Oklahoma, Pensacola, Dirming- 
ham, Charleston, Jamestown, [a Salle, 
Milwaukee, and Salt Lake City, as well as 
in many hotels, hospitals and colleges 
throughout the country. 

The freezers, which are supplied with 
either direct or alternating current motors 
are made ina great number of sizes, ranging 


from 414 gallons to 20 gallons, in a great 
many combinations, some of which are 
illustrated in the cuts. 

The entire equipments are compact, self- 
contained, perfectly stable, require no floor 
fastenings, and may be located at will and 
readily changed at any time, as convenience 
or necessity demands, by merely readjust- 
ing the service wires. 

The advantages of a direct connected 
ice cream freezer are readily apparent to 
those who have suffered the annoyance of 
belting, pulleys and countershafts. There 
are no belts with attendant annoyance and 
expense; no countershaft requiring con- 
tinued attention and causing vibration to 
the floor above; nor is there dirt and oil 
being thrown here and there. In addition 
to the mechanical advantages secured by 
the motor driven ice cream freezer unit, 


Motor Driven Ice Cream Freezer. Closed 


there is obtained by its use eleanliness, in- 
creased space, light and ventilation. When 
not actually freezing, all power is shut off 


MOTOR DRIVEN 


and power savings are effected thereby. 
When in operation the power is applied 
direct, with no waste in belts and counter- 
shafts, securing the highest efficiency. 


Actual experience in daily operation has 
shown two 20 gallon swivel motor driven 
freezers, here illustrated, to produce in the 
same time twice the output of four 10 
gallon belt driven freezers, with practically 
the same expenditure of power; in addi- 
tion, the quality of the product was su- 
perior in the motor driven outfit, being 
finer grained, 


This swivel top type of freezer, here 
illustrated, will appeal particularly to those 
who desire to use mechanical refrigeration. 
The cut will explain itself. The arm that 
carries the gearing of the motor swivels 
from one tub to the other, so that as soon 
as the cream is frozen, the spindle may be 
raised by means of the lever at the top, 
and the whole arm swivelled so as to 
couple on to the other tub. This leaves 
one tub perfectly clear so that the can 
may be removed readily without moving 
the tub. As will be seen, the motor is 
geared directly to the shaft, a raw-hide 
pinion being attached to the armature shaft, 
and the gears thoroughly protected with a 
gear guard. The cans hold forty quarts, 
are made of heavy copper with a brass 
bottom, and are brazed. The tubs are 
very heavy and are made of cedar. The 
cut represents a 60 cycle three phase mo- 
tor and the total weight of the machine is 
approximately 1100 pounds. Motors of 
any voltage can, however, be furnished. 

Considering the wide variety of the com- 
hinations made,—their reputation for re- 
liability.—the popularity of the field to 
which they apply,—and the fact that their 
use is practically continuous throughout 
the year,—these outfits would seem very 
desirable for the alert central station man- 
ager to recommend for connection to his 
circuits, as a welcome addition to his 
power load, and a means of thus increasing 
his revenue. 

Tests made under the supervision of the 
Boston Tee Cream Co, gave the following 
results: 

With the double freezer (as shown in 
the cut) nine (9) gallons (414 gallons per 
can) of frozen cream were produced in 18 
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minutes with an average power consump- 
tion from start to finish of 577 watts. 

This at $10 per kilowatt hour gives a 
total cost of power at $.0173 (577 watts 
x'8/,, hours x $.10=$.0173) for freezing nine 
gallons of cream, or a cost per gallon of 
only $.0019 ($.0173 +9=$.0019). 

The above are actual results based on 
an assumed cost of electricity at $.10 per 


Motor Driven Ice Cream Freezer. Open 


kw, hour, Ty multiplying the kilowatt 
hour required by the actual cost of clec- 
tricity in any given locality estimates may 
readily be made to govern local conditions. 

These machines can be furnished with 
cither one or two cans (as shown in illus- 
tration) fully equipped with General Elec- 
tric constant current or alternating current 
motors. 
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IRON-CLAD PORTABLE INSTRUMENTS 
By W. F. Howe 


Considering the various factors that en- 
ter into the design and production of a 
satisfactory portable instrument for elec- 
trical measurements, the requirement of 
first importance is that the instrument shall 
be accurate—not only must it be accurate 
as it comes from the manufacturers, but it 
must also be capable of retaining this qual- 
ity in continued service. 


Type P-3 Portable Wattmeter with Cover Removed 


Portable instruments are especially sub- 
ject to rough usage. and to eliminate as 
far as possible all likelihood of changes 
occuring in calibration, due to vibration 
and hard knocks, the working parts must 
consist of few pieces, substantially made, 
and fully protected from injury by a suit- 
able containing case. At the same time 
the meter must possess a light weight 
moving element which will net be sus- 
ceptible to damage in transportation. 

A further essential requirement in a port- 
able instrument is that its accuracy shall 


remain unaffected when the instrument is 
subjected to the disturbing influences re- 
sulting from external magnetic fields, vari- 
ations in wave form, frequency, etc. Suit- 
able means must be provided in the design 
for counteracting these influences, if the 
instrument is to give reliable results under 
average conditions. 

In addition to possessing the above 
necessary qualities, a portable meter, to 
he desirable, must be of small weight and 
size so that several instruments can be 
carried with case by one person. 

The new portable instruments made by 
the General Electric Company mect all 
of these requirements, and are known as 
the Iron-clad) Portable, Type 1-3. (See 
page 134}. 


The voltmeters and wattmeters of this 
type are constructed on the direct reading 
dynamometer principle, while the  am- 
meters depend for their operation upon the 
well known design of the ‘Thomson in- 
clined coil ‘The best skilled Jabor is em- 
ploved in their mantfaeture; they there- 
fore exeel in) mechanical detail, are very 
substantial, and present a neat and attract- 
ive appearance. ‘They are contained in a 
finely grained, highly polished carrying 
case, provided with a hinged cover and 
snap lock. 

The entire mechanism may be quickly 
and easily taken from the case for the pur- 
pose of inspection or repairs by removing 
the inside moulded cover and loosening 
three additional screws. The fluctuations 
of the needle are damped by means of 
Foucault currents set up in a thin alumi- 
num segment attached to the shaft, and 
which oscillates with cach movement of 
the needle, in the fields of two astatically 
arranged permanent magnets. This seg- 
ment also serves the purpose of balancing 
the pointer, thereby doing away with the 
necessity of special counterweights. The 
meters are also supplied with the usual 
damper, so that by depressing the button, 
the pointer may be quickly brought to rest 
when taking readings. 

Careful attention has been given to the 
selection and construction of the jewels 
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and pivots, as the continued accuracy of 
indicating instruments is dependent to a 
very great extent upon the perfection of 
these. The pivots are made from the best 
grade of steel, specially hardened and 
highly polished, and are suspended in 


Mechanism of Type P-3 Portable Instrument 


superior sapphire jewels, which are prac- 
tically indestructible. 

One of the strongest proofs of the 
reliability of these instruments, is their 
ability to give accurate indications 
when used for laboratory or general testing 
work in the vicinity of external magnetic 
fields, proceeding from nearby magnets and 
conductors carrying large currents. The 
coils of the Type P-3 instruments are en- 
tirely surrounded by a laminated iron 
shield, which completely protects them 
from such external disturbances when used 
under circumstances similar to the above, 
and effectually precludes the possibility of 
errors arising from this cause, so that the 
readings of the meters may be entirely de- 
pended upon. ‘The = shield referred to 
serves the further purpose of preventing 
errors which might otherwise be caused by 
the projected field of the damping mag- 
nets, when the instrument is used on direct 
current circuits. 

These instruments may be used on al- 
ternating current circuits of any frequency, 
wave form or power factor, without ap- 
preciable error. The voltmeter and watt- 
meter may be used equally well on cither 
direct or alternating current circuits, but 
for most accurate results, reverse readings 
should be taken on ammeters when used 
with direct currents. The mean of the 
readings being then taken as the correct 
indication, 

The instruments are made self con- 
tained in capacities up to and including the 
following values: Ammeters, 30 amperes; 
voltmeters, 750 volts; single phase watt- 
meters, 30 amperes and 750 volts. 


The scales of the Type P-3 instruments 
subtend an are of approximately 90 degrees, 
are very accurately divided, and are very 
distinet and easily read. 

The binding posts are brorght out at 
the top of the instrument, and are pro- 
vided with suitable thumb screws for se- 
curing the leads which connect the instru- 
ment to the external circuit. 


THE PARCELLE PATENT 


One of the General Electric Company's 
patents that has recently been sustained in 
litigation against the Bullock Company and 
users of Bullock apparatus, covers an im- 
portant detail in the manufacture of dy- 
namo-electric machines which is exten- 
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Drawing Showing Application of Parcelle Patent 


sively used by the General Electric Com- 
pany. This is the patent to Parcelle, dated 
Nov. 24, T8981, No. 463.704, which covers a 
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method of firmly fastening a laminated 
pole piece to a solid yoke. 

Defore the necessity of laminating the 
pole pieces was known, solid pole pieces 
were attached to the yoke by bolts or 
screws. These pole pieces were readily 
removable sidewise. Lut with the lami- 
nated pole picee, it became impracticable 
to do this, because of the difficulty of sat- 
isfactorily tapping a bolt directly into the 
laminations. Prior to the Vareelle inven- 
tion, the pole picces were made integral 
with the voke and both were then lami- 
nated, or the yoke was cast around the 
laminated pole piece, or the pole piece was 
secured to the core by bolting through the 
side plates, which were thickened for that 
purpose. 

None of these methods were very suc- 
cessful. Laminating both the pole picce 
and yoke was expensive; when the pole 
piece was cast integral with the yoke, it 
was difficult to make a firm joint, and be- 
sides, the pole piece could not be removed; 
and the placing of the holding bolts in the 
side plates made them too thick and gave 
rise to objectionable eddy-current losses. 

By the Parcelle method, the laminated 
pole piece is secured to the solid yoke by 
anchoring into the laminated plates a sup- 
porting bar, into which the bolt or bolts 
which hold the pole piece to the yoke are 
firmly screwed. Figure 1 illustrates the 
construction. ‘A’ represents the support- 
ing bar or key extending through the lami- 
nated pole piece, and ‘Ri’ the securing bolt 
extending through the yoke and threaded 
into the supporting bar. 

This construction provides a method of 
fastening a laminated pole piece to a solid 
yoke so that it can readily be removed 
sidewise, is firmly clamped against the 
yoke so as to make good magnetic circuit, 
and at the same time is so strong that all 
magnetic and centrifugal forces are stuc- 
cessfully resisted. 

This construction has been employed by 
the General Electric Company in upwards 
of 20,000 pole pieces. ~ 

The city of Nashville, Tennessee, has 
been enjoined from operating Bullock gen- 
crators which are so constructed as te 
infringe this patent, and has been given 
until about November first to remove the 
apparatus. 


EDWARD RUSSELL COFFIN 


Edward Russell Coffin, only son of 
Charles A. Coffin and Caroline Russell Coi- 
fin, dicd on September 2nd from intestinal 
trouble at the Omaha General Hospital. 
where he was taken while returning to New 
York from a business trip in the far West. 

Mr. Coffin was born at Lynn, Mass., on 
July 28th, 1873, and received his early edu- 
cation in the public schools of that place. 
Ile was graduated from Harvard Univer- 
sity in 1893, and from the Harvard Law 
School two years Inter. For several years 
following his graduation, he practised his 
profession in the city of Boston, and in 
VOL entered the Tegal Department of the 
General Electric Company at Schenectady. 
In 1904 he became Vice-President and 
General Manager of the Electrical Seeuri- 
ties Corporation of New York City, which 
position he held at the time of his death. 

Mr. Coffin was associated with various 
electrical interests throughout the country. 
Hle was Vice-President of the Asheville 
Electric Co.. the Chattanooga Electric Co., 
and the Des Moines Electric Light Ca, 
Ile was a Direetor of the Animas Power 
& Water Co,., the Central Colorado Power 
Co., the Duluth Edison Electric Co., the 
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Grand Rapids Edison Co., and the Omaha 
Electric Light & Power Co. 

Mr, Coffin was a member of the Har- 
vard, Knollwood, University, Calumet, and 
Metropolitan Clubs of New York City: of 
the Puritan Club of Boston, and the Fort 
Orange Club of Albany. 

Mr. Coffin, by his ability, integrity and 
strict sense of fairness, won the highest 
place in the esteem of those who came in 
contact with him, while his high principles, 
his cheerful temperament and his lovable 
character, endeared him in an unusual de- 
gree to those who were fortunate in hav- 
ing his friendship. He was remarkable for 
his fine perception, for the sincerity of his 
consideration for others, and for his intense 
loyality to every friend and just cause. 
A devoted son, a true and loyal friend, 
always charitable and thoughtful, his loss 
is deeply deplored by his many friends and 
associates, 


NOTES 


Mr. Il. G. Reist, Engineer of the A. C. 
Engineering Department, General Electrie 
Co., was married at South Hanover, Mass.. 
on August 10th, to Miss Margaret Eaton 
treed, daughter of Margaret and Steven 
F. Breed of that place. Mr. and Mrs. 
Reist will make their home at 42 Glenwood 
Boulevard, Schenectady, N. Y. 

+ * * 

Mr. V. L. Benedict has been transferred 
from the Power & Mining Dept. of the 
General Electric Co., Schenectady. N. Y.. 
to the Los Angeles office, where he will 
act as Assistant to the Manager, Mr. A. W. 
Ballard, 

Mr. Benedict entered the General Elee- 
tric Co., in 1895, and after completing the 
Test, entered the Power & Mining Depart- 
ment, where he has since remained. 

~ +t * 

The midsummer conVention of the Na- 
tional Association of Box Manufacturers 
was held at the Hotel Kaaterskill, Catskill. 
N. Y¥.. August 28th, 29th and 30th, and 
was very well attended. At this meeting 
Mr. I. R. Pomeroy read a paper by Mr. 
Fred. M. Kimball of the General Electric 
Company, on the utility of electric motive 
service in wood working establishments. 
The paper was prepared at the request of 


the association management and the man- 
agers of wood working plants evinced keen 
interest in the subject; Mr. Pomeroy being 
called upon to amplify materially upon the 
possibilities, details, and result of such 
equipment. 

* * * 

The General Electric Company has re- 
ceived orders for the electrical equipment 
of the two new battleships No. 28 and 
No. 29. The former is to be built by the 
Newport News Ship Building. Compatty, 
and the latter is in course of construction 
in the Fore River Ship Building Yards at 
Soston, Mass. 

These are the two largest war vessels 
ever built in this country, and a notable 
feature of No. 29 is that it is the first 
battle ship to be propelled by turbine en- 
gines. ‘These are of the Curtis type and 
have a capacity of approximately 25000 
h.p. On account of the remarkable steam 
economy of the Curtis turbine at low as 
well as high speeds. the one set of turbines 
can be used for both high speed and cruis- 
ing, thus obviating the necessity of install- 
ing a second set for this latter purpose. 
In addition to this advantage and the at- 
tendant economy in space and weight, the 
absence of reciprocating parts and conse- 
quent vibration and strains is expected to 
make this battleship the speediest in’ the 
Navy. 

Four 300 kw. Curtis turbo-gencrating 
sets will be installed on cach ship to sup- 
ply the lighting circuits and furnish power 
for about 100 motors, varving in size from 
2? to 75 hip. These motors will be used 
to operate the turrets, ammunition hoists. 
cranes, winches, ete.: to run the forced 
draft and the hull ventilation fans. and to 
supply power to the laundry and = work- 
shops. 

The battleshins will be equipped with 
four 36 inch and four 60 inch searchlights. 
ie © 
The Schenectady Works of the General 
Electric Co. recently received a visit from 
a commission sent by the German gov- 
ernment and composed of the following 
distinguished representatives: Privy Coun- 
cillor Wittfield, of the Prussian govern- 
ment: Prof. Dr. W. Reichel, of the Roval 
Technical University. Berlin: Building Tn- 
spector Gutbrad; Director Frischino, of 
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the Siemens-Schwkert Works; Mr. Vforr, 
of the A. E. G. Railway Dept.; Director 
A. Elfes, of the A. E. G. Brunnenster; Di- 
rector Jordan, of the Lahmeyer Works. 

Prior to visiting the Schenectady Works, 
the commission inspected the General Elec- 
tric electrification of the New York Cen- 
tral & Hudson River Railroad; the Lincoln 
St. power house of the Boston elevated 
line, and the Curtis steam turbine equip- 
ment of the Boston Edison Illuminating 
Co. The subsequent plans of the commis- 
sion include an inspection of the Niagara 
power plants equipped by the General 
Electric Co.; followed by a visit to In- 
dianapolis, the centre of the interurban 
electric railway systems; the 8000 kw. Cur- 
tis turbines at the Fisk St. station. Chi- 
cago, and the General Electric 2000 kw. 
vertical shaft frequency changer sets in 
the substation of the Chicago Edison Co. 
will also be examined. 

The party will make a study of the 
transmission systems of Utah, Washing- 
ton, Colorado, and California; they will 
visit the 60000 volt transmission plants of 
General Electric design at Guanjato and 
Necaxa, Mexico, and will return to Europe 
via Vera Cruz. 


BETTER SERVICE 

Under the title “ Good Service” we 
printed a letter last month describing the 
operation of a 30 ampere mercury are recti- 
fer which had been in service 2400 hours. 
Since then we have received a letter from 
S. H. Lewis and Co. of Binghamton, N. Y., 
of which the following is an extract: 

“On Jan. 25, 1906, we installed one 
of your 30 amp. mercury are rectifiers, 
the tube that went into commission at 
that time was used on an average of 
18 hours a day, at 20 amperes until 
Aug. 30th, 1907, 574 days, 10332 hours. 

“We have used all manner of charg- 
ing apparatus for charging clectric 
cars and find the mercury are rectifier 
hy far the most satisfactory”. 

The life of 10332 hours is the longest 
life we have heard of on a 30 ampere tube. 
In fact, we believe it is the longest on any 
size rectifier tube made. This rectifier 
outfit is being used for charging automo- 
biles in the S. H. Lewis Co.'s garage. 


ABSTRACTS OF IMPORTANT 
TECHNICAL ARTICLES 


Illustrated * 


A Hydro-Electric Power Plant Driven by Pelton Wheels 
(The Iron Trade Review, August 15, 1907, p, 271) 


A brief illustrated description of the Stanis- 
laus Electric Power Co., located at Velecito, Cal. 
having an initial machinery equipment of three 
6700 kw., 400 rpm., Pelton wheel driven General 
Electric alternators, 


Kern River No. 1 Power Plant of the Edison Electric 
Company, Los Angeles, III 
(Bleetrical World, August 17, 107, p, 315) 
(Kleetrical World, August 24, 1007, p. 359) 
(Rlectrieal World, August 31, 1907, p. 401) 


A very interesting articie comprising not only 
a description of the Kern River Power Plant No. 1, 
with 5000 kw., 250 r.p.m., 2300 volt, 50 cycle, three- 
phase, water wheel driven General Electric alter- 
nators, 75000 volt step up transformers, ete., but 
giving also a complete description of the stecl 
tower transmission line and receiving station No. 
3. The latter is equipped with step down trans- 
formers, as well as steam turbines aggregating 10, 
000 kw., and includes two 2000 kw., Curtis steam 
turbines of General Electric make. 


The Central Station of the Gas and Electricity Co., 
of Nice, France 


{Electrical Review, Angnat 10, #07, p. 214") 


This plant has been built by the French Thom- 
son-Houston Co. and was the first electric plant 
in France to use the Curtis type of steam turbines. 
The equipment includes two 200 kw., 1500 r.p.m., 
10000 volt 25 cycle three-phase units, which have 
a high overload capacity. Excitation is obtained 
from two 40 kw., 125 volt direct current genera- 
tors, driven by three-phase induction motors at 
750 revolutions per minute. 


Instruction of Car and Train Service Men— Boston 
Elevated Railway Company 


(Electric Traction Weekly, August 22, 1007, p. 703) 


The article gives brief data describing the 
instruction car at the Sullivan Square Terminal. 
which is equipped with a Sprague General Elec- 
tric multiple unit centrel system, air brake, ete. 
and includes also a large wiring diagram with 
tell-tale lamps, which indicate the switch positions. 


Copper-Smelting Practice in the Boundary District, 
British Columbia 


(The Engineering Magazine, Angust, 17, p. 715) 


Historical account relating to the copper min- 
ing industry in the boundary district of British 
Columbia, including profusely illustrated descrip- 
tion of the eqnipments of the British Columbia 
Copper Co’s plant. The converter power house 
of this plant contains three retary blowers and 
one blowing engine, each driven by a 300 hop. 
induction motor, and two induction motor direct 
current gencrator sets for furnishing direct cur- 
rent for train and trolley operation. ‘The motors 
and switchboard are of General Electric make. 
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The highest efficency incandescent lamps 
available at present for commercial use are the 


Tantalum Lamps 


No. 2—S0-Watt—50¢,p. 
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A MODEL ELECTRIC BAKERY 


By CHAS. B. DAVIS, Manager 
General Electric Company's Boston Office 


The Ferguson Bakery Company's plant, 
located in Boston, presents an interesting 
and inviting up to date electrically 
equipped bakery. Dy the use of individual 
motor drive there is an economy of space 
and the machines are located in that part 
of the room where they can be worked to 
best advantage and out of the way of 
trucks used for conveying the cooked 
food. 

The running of quarter turn and long 
straight belts is eliminated; as is well 
known such belts running close to and par- 
allel to the floor above will collect dust 
even though it is but little that sifts from 
the cracks above and when the belt is set 
m motion this dust flies into the air and 
settles on the food below. 

Not many years ago this business was 
started by two Ferguson Brothers in a 
small shop near the present bakery, all the 
work being done by hand; today this 
bakery is foremost in New England. 

The small shop where the business 
originated soon became inadequate for their 
output and a new building was con- 
structed where the business could be 
taken care of. The power for driving the 
machinery in this building was derived 
from a steam engine which ran long lines 
of shafting with belts that ran in every 
conceivable direction; by this method of 
drive oil had to be freely used on the 
many bearings and these were often so 
situated that it was only with untiring 
precaution that oil did not do serious 
damage by getting into the flour or dough 


and again the flour woul! stick to the 
belts and cause slipping and if a belt 
came off considerable time was lost and 
the workman was obliged to wash his 
hands before he could resume his work 
with the flour. 


Fig. 1 Day Dough Mixer 


This method of drive was the best of 
its kind at that time, but even at its best 
it was none too good, 

The present bakery was to be enlarged 
but then came the problem of how to 
drive the machinery which was located on 
the different floors and in the adjoining 
building. 

After careful study and investigation it 
was decided to adopt the clectric drive 
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Fig. 2. Brown Bread Room 


which at this time was coming into prom- 
inence. 

By many this was thought to be a seri- 
ous undertaking as all the present shaft- 
ing, belts and pulleys which could not be 
used had to be sold as secondhand, at 
whatever they could get, or else sold as 
scrap, but the owners were shrewd and 
saw that the saving in coal would in a few 
years not only pay for the scrapped ma- 
terial, but would save money. 

Because by the old method of drive in 
order to work one department overtime 
it was necessary to run the entire plant 
where considerable useless energy was 
consumed in driving the idle shafting 
which was often badly out of alignment; 
of course this was very hard to observe 
and often never detected until a hot box 
was the result. With the individual drive 
it is only necessary to run the one machine 
which is to do the work and = should 


the workman wish to do other work he 
stops this machine by simply pulling out 
the line switch and this unnecessary waste 
of energy driving an idle machine is 
saved. These motors running from the 
Edison circuits are cach equipped with a 
recording wattmeter, Now we will sup- 
pose that after running one of these motors 
several months it is noticed that the 
power taken from the line is gradually 
increasing month aiter month, yet the 
motor is doing the same amount of work 
and running the same number of hours 
per day, our first thought would be the 
alignment of our shaiting and without 
doubt we would be correct. ‘This poor 
alignment can immediately be remedied 
but in the case of the steam engine drive 
this loss went on for month after month, 
ves year after year, and was never detected 
unless a hot bex or break down oc- 
curred,—all the time the coal consumption 
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is growing larger and the owner's pocket 
book shrinking. 

The present installation consists of a 
too k, w. DC generator which lights the 
building and supplies power to some of 
the motors. 

Most of the motors are now run from 
the Edison 220 volt AC circuits, and I 
dare say in due time all the direct current 
motors will be superseded by the three- 
phase motors which will run from the 
Edison circuits 

These motors now installed run either 
individual machines on a short line of 
shafting and this shafting only used where 
it is a good safe working distance from 
the floor or dough whereby all chances of 
dirt getting into the {tour is climinated. 

The flour which is used is shipped by 
bag in car load lots and carried from the 
cars to the bakery by teams; it is then 
unloaded and conveyed by an electric 


elevator, driven by an I-12-25 h. p.-600 
r. p. m. induction motor, to the top floor 
of the building and there stored; as the 
flour is needed it is emptied from the bags 
into the bins where it is blended and from 
there it is carried by an endless chain of 
buckets to the screener and thoroughly 
sifted, from here it is again carried by an 
endless chain of buckets and deposited 
in a large bin directly above the dough 
mixers on the floor below. 

After a bag has been emptied it is run 
through a cleaner. This cleaner is nothing 
more than a large box with a _ paddle 
wheel inside, the paddles simply beat the 
flour from the bag and this waste flour is 
sold to foundries where it is mixed with 
clay and molasses for making the moulds. 

On the second floor and directly under 
the supply bins, are the scales so that the 
flour is weighed before it is emptied into 
the mixer. There are three mixers each 


Fig. 3 Pie Machine 


178 GENERAL ELECTRIC REVIEW 


capable of holding five barrels of flour 
at one time. Each of these is direct con- 
nected to a 20 h. p. induction motor. ‘The 
average daily output from these mixers 
is about 20,000 Ibs. Fig. 1 shows a Gen- 
eral Electric three-phase motor direct con- 
nected to a J. H. Day dough mixer. 

After the dough is kneaded it is then 
removed and put in large trays where it 
is allowed to stand three or four hours to 
rise. The next process is to cut this 
dough into loaf size; this is done by a 
loaf cutting machine which is run by a 
small motor, Ly this machine any size 
of loaf can be cut. 

The chunks of dough are next placed 
in the shaping machine (Fig. 4) and 
moulded into the loaf shape. This machine 
is direct driven by a Cl-4-10 h. p.-635 
direct current motor. 

Two other small shaping machines are 
used there, being run from a short shaft 


Fig. 4 Dough Shaper 


driven by a CE-y-10 h. p.-635 direct cur- 
rent motor, From these machines, any 
desired shape of loaf can be obtained. 
After the dough is made into loaf form, 
it is placed in the baking tins and taken 
to the ovens on the floor below where it 


is baked and from this floor it is then 
taken to the next floor and made ready for 
shipment. 

The temperature of the mixing room is 
maintained at 80 deg. F. and in cach end 


Fig. 5 Pie Dough Mixer 


of the room are placed recording  ther- 
mometers and by referring to these charts 
one can at a glance see whether or not 
the room temperature has been kept con- 
stant. 

The pie and cake rooms which are in the 
adjoining building are worthy of special 
attention because of their cleanliness and 
economical method of making pies or 
cakes. By the use of several electrically 
driven machines the work can be done in 
that part of the room near the windows 
where the best results may be obtained 
by reason of the good light, fresh air and 
distance from the ovens which are in the 
same room. 

The two machines most worthy of atten- 
tion are the small dough mixer and the 
pie making machine. The former, (Fig. 5) 
is built by the J. H. Day Co. and is 
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driven by the new type riveted frame 2 
h.p. General Electric induction motor, 
This machine is capable of mixing one 
barrel of flour at a time. 

The whole outfit is finished in white 
enamel paint and makes a very unique 
appearing set. 

After this dough is kneaded it is re- 
moved from the mixer and ready to be 
made into pies. The workman imme- 
diately refills the mixer and starts the 
motor which is mixing the dough while 
he is busy making the pies. 

Fig. 3 shows one of the pic machines 
which together with three rotary ovens 
and a crust machine are run by a CE 4-5 
ho p.035 ropom, direct current motor fast- 
ened to the ceiling. 

The pie machine its about fifteen fect in 
length with a chain of endless dummy 
east iron plates which run the whole 
length in the middle of this machine. As 
an iren plate comes upright a tin) plate 
is set in it and then a small piece of 
dough is dropped in this. As this plate 
passes on a plunger presses down upon 
this dough and squashes out the bottom 
crust of the pic. This plate is still pass- 
ing forward and as it comes under the 
large tank in the center of the machine 
the required amount of filling ts dropped 
into the pie, then the top crust put on 
and the last operation is the trimming. 
This is accomplished by a die coming 
down over the pie plate and neatly trim- 
ming the edges. The pie is now removed 
and put in the rack ready for baking. 

‘Two of the three revolving ovens can be 
seen in the background of the picture. 
These are capable of holding 320 pies each 
at one time and resemble a large paddle 
wheel. The pie plates are simply put on 
the paddle and the wheel set in motion; 
in this way all the pies are evenly baked. 

Adjoining this room is the room where 
brown bread is made (Fig. 2). The mach- 
inery of this room is tun by an 1-8-7-1 2- 
goo Tr. p.m. induction motor driving a short 
line of shafting which in turn drives a J. 11. 
Day dough mixing machine and also another 
machine which is used for screening pie 
filling. In this room the brown bread is 
prepared and then put in aluminum tins 
for baking. The baking is done by steam 
and the daily output from this room is 


about 500 loaves but on Friday the out- 
put is about sovo loaves. This large 
amount called for on that day gees to 
clearly show that the Bean City must 
have its brown bread and beans Saturday 
night. 

The basement contains the seven cold 
storage rooms, the engine room, the small 
machines used for paring and coring the 
apples, also the ice refrigerating plant 


Fig. 6 Refrigerating Machine 


which is driven by an [-6-25 h. p.-1200 
r p.m. three-phase General — Electric 
motor. This refrigerating plant is suffi- 
ciently large to supply the seven rooms 
where eggs and such articles of food are 
kept. This motor is run both day and 
night. 

The few illustrations which are here 
given will readily show the reader how 
far superior, especially for a bakery, the 
individual motor drive is as compared 
with steam engine or any other engine, 
whereby long lines of shafting and belts 
coming from one floor to the one above 
would have to be used, 

Again when we consider the most vital 
question of all. that is health, we must 
confess that the Ferguson Co. have as 
near an ideal bakery as can be found. 
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CENTRIFUGAL COMPRESSORS FOR INDUSTRIAL 


AIR BLAST 
By Dr. S. A. Moss 


A general description of centrifugal com- 
pressors was given in the July issue of 
Lue Review—supplementary details are 
given in this article. 

As stated, these units are principally 
adapted for air blast for burning fuel in 
oil, gas, or other similar furnaces for vari- 
ous industrial purposes, such as hardening, 
soldering, annealing, melting, smelting, 
ete.; for machine shops, factories using 
gas and oil furnaces, gas works, copper 
smelters, iron foundries, brass foundries, 
blacksmith shops, and the like. As com- 
pressors, the machines deliver air at pres- 
sures from about one to four pounds per 
square inch. ‘The machines are also ar- 
ranged as “exhausters” for pressures with- 
in 3.25 pounds per square inch, or 6.5 
inches of mereury below atmospheric pres- 
sure. 

It must be emphasized that the machines 
are not adapted for pressures less than 
O.88 pounds per square inch, or 14 ounces 
per square inch or 24 inches of water; or 
for ventilating work of any kind using 
2 or 3 ounces or 2 or 3 inches of water. 
The ordinary fan blower should be used 
for such work. 

As stated, the “Centrifugal Compressor” 
is a modified type of fan blower, and con- 
sists simply of an impeller, rotating in a 
case. The principal feature of the com- 
pressor is the design of the passages which 
conduct the air to and from the impeller, 
leading to the flanged inlet and discharge 
openings. This design is such as to main- 
tain pressures and efficiencies much greater 
than heretofore obtained. ‘The impellers 
are also of perfected design. They are 
symmetrical, receiving air on both sides 
so as to avoid end thrust. There is ample 
clearance between impeller and case, so as 
to avoid all possibility of rubbing. 

The driver is furnished as an integral 
part of the apparatus so that there is no 
belting, gearing or other device requiring 
maintenance. The unit has two bearings 
and a single shaft on which are mounted 
the impeller of the centrifugal compressor 
and the rotor of the driver. This is the 
only moving part. 


On sizes of 50 h.p. and below, frames 
and casings carrying feet are bolted to- 
gether, while the larger sizes have a base 
or bed-plate on which are mounted the 
frames, casings and bearings. 

The accompanying table gives a list of 
General Electric Centrifugal Compressors 
of standard sizes, comprising a number 
of capacities for each of three pressures. 
Any size may have as driver, a 220 volt 
60 cycle three-phase induction motor, a 
125 volt or 250 volt direct current motor, 
or a non-condensing steam turbine for any 
gauge pressure above 80 pounds per square 
inch. ‘The starting characteristics of the 
induction motors can be made anything 
desirable. When required, the motors can 
be especially arranged to start without ex- 
ceeding full load current. Special volt- 
ages, ete., may, of course, be arranged for. 


TARLE oF STANDARD SIZES. 
Sincte Stace CENTRIFUGAL COMPRESSORS 
For INpustTRIAL Arr Bast 


mS aa 
i £:; 4 a ces 
| ss g Oy =". 
ja, Se Ze > i=- 
| 2#= Ses bP -% she 
Sz Ess ~'o a oo 
ab = “5 os 
— =o om ~ a= 
= ES 2s =| FS a = Oo. 
St 8st & | 5 
service 25 Es 2 = 4-5 
Service | a 2 D Es =e S sa5 
Foundry Cupola O.SN* 2600 12 I] 1.5 
orlow pressure 0.58" 3600 6 ww 15 
air blast 0.88 7000 2 50 1.25 
Oss* 10000 as 75 1.25 
Moderate pressure 1.7 750 s 1 3.7 
air blast 7 1400 10 2 3.7 
1 1.7 2000 12 30 3.7 
17 3600 16 SO 25 
High presssure 2.7 1200 8 | 3» 42 
air blast 2.7 2400 12 oO 4.2 
2.7 soo) OU 75 3.0 


*For these three sizes, the figures given 
are for turbine or direct current motor 
drive only: for induction motor drive, 
pressure and capacity are as follows: 


PRESSURE CAPACITY 
0.7 3200 
07 4600 
7400 


To get pressures in other units, multiply 
the pressures in pounds per square inch, 
by the following factors: 
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For inches of water, 27.7; for inches of 
mercury, 2.04; for ounces per square inch, 
16; for pounds per square foot, 144. 

For an exhauster with atmospheric final 
pressure, the given pressure P in pounds 


a 


i ' as 14.7 
per square inch is to be multiplied bY 147 p 
The result is the vacuum pressure in 
pounds per square inch below atmosphere. 
By multiplying by 2.04, and subtracting 
the product from 29.9, the vacuum in 
inches of mercury is obtained. 

If the barometric pressure differs from 
normal value, (viz., 14.7 pounds per square 
inch or 29.9 inches of mercury), the pres- 
sures given must be reduced in the ratio 
of actual to normal harometer. 

If the Fahrenheit atmospheric tempera- 
ture t°, differs from 60°, the pressure must 

520 


be reduced in the ratio of ,° 


460+1° 


Special sizes and special air pressures 
may, of course, be arranged for under cer- 
tain circumstances, particularly when there 
is direct current motor or turbine drive. 
With turbine drive, the rated pressure may 
he fixed at higher or lower values by the 
setting of the governor before machine 
leaves factory. With direct current motor 
drive, the rated pressure is merely nomi- 
nal, and the pressure may be altered up 
to the maximum values given, by hand 
adjustment of the field rheostat. With 
induction motors, pressure is usually in- 
variable; however, when = special starting 
apparatus is provided, a slight variation 
can be secured. 

The capacities given are based on meas- 
urements of the quantity of air actually 
delivered under normal conditions. In 
comparing with positive pressure blowers, 
it should be noted that the rated capacity 
for positive pressure blowers is usually the 
“computed displacement.” The quantity 
of free air actually delivered is much less 
than the displacement of a_ positive pres- 
sure blower, owing to the heating of the air 
and drop of pressure while entering the 
machine, as well as to leakage around the 
moving parts. Actual tests have shown a 
loss of 50 per cent or more in the capacity 
of a positive pressure blower. In usual cases, 
centrifugal compressors will deliver as 


much air as a positive pressure blower 
with a rating 33 per cent greater. 

Large overloads may be put on centri- 
fugal compressors in excess of the rated 
capacity, at the expense of a slight drop 
of pressure and of an increased tempera- 
ture rise of windings, when an _ electric 
motor is driver. The electric motors that 
are supplied with these machines have the 
usual moderate temperature rise of Gen- 
eral Electric motors, for rated capacities. 


Centrifugal Compressors for Foundry Cupola Service 


The first four sizes on the list are nor- 
mally arranged for supplying air blast to 
foundry cupolas, and will be found much 
superior to either positive pressure blowers 
or ordinary fan blowers for this service. 
They are arranged with a driver the speed 
of which varies automatically with load— 
either a direct current compound wound 
motor or a steam turbine with special gov- 
ernor, as induction motors do not have 
this property. 

The characteristics of the set are such 
that the pressure increases rapidly if the 
cupola chokes up. so that an opening is 
forced and normal conditions are restored. 
In this feature the centrifugal compressor 
resembles a positive pressure blower. This 
action is considered necessary by many 
foundrymen. In many cases, however. 
choking of the cupola never occurs, so 
that there is constant pressure even with 
a machine which would give a pressure 
rise if load decreased due to choking. An 
actual capacity of about 375 cubic feet of 
free air per minute is required for each ton 
per hour melted. 


Centrifugal Compressors for Constant Pressure Air 
Blast, Gas Furnaces, Etc. 


All of the groups on the list are adapted 
for industrial air blast for various services 
requiring constant pressure in the mains, 
whether low, moderate or high, and for 
this use the centrifugal compressor is 
vastly superior to the positive pressure 
blower. For such service the apparatus 
is arranged with a constant speed driver. 
either a direct current shunt motor, a steam 
turbine or an induction motor. As shown 
by the accompanying curve, there is a 
practically constant pressure independent 
of the load and without waste of air at 
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light loads. ‘This is a distinct advance 
over positive pressure blowers, which 
waste air through the safety valves for all 
loads less than normal load, and give a 
decrease of pressure for greater loads. 
The positive pressure blower. when effi- 
ciently installed, has pulleys arranged to 
give the normal pressure when the average 
number of furnaces is in use, and with a 
safety valve just on the point of blowing 
off. If air is not required on any of the 
furnaces, the normal amount of air must 
nevertheless be compressed to full pres- 
sure and the air not used blown off through 
the safety valve. If all furnaces are turned 
off, as occasionally occurs, the full amount 
of power is nevertheless absorbed and all 
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that small amount required to keep the 
machine rotating without load. ‘This au- 
tomatic regulation of pressure as load 
varies is accomplished solely by efficient 
design of the compressor; and no regula- 
tion devices, safety valves or other appa- 
ratus are used. At very light loads, and 
at heavy overloads, the pressure is slightly 
lower than normal, but for all practical 
purposes the variation cannot be detected 
at the furnaces. 

For gas furnace service. 


the standard 


centrifugal compressors are of such ca- 
pacity as to permit of the use of a single 
machine in a central location in a factory, 
rather than a 
seattered in 


blowers 
the 


of small 
places. Even 


number 
various 
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Pressure Curve of Centrifugal Compressor for Different Loads 


is wasted, while on the other hand, if a 
few more than the average number of fur- 
naces are turned on, the pressure in the 
main drops, and each successive addition 
of a furnace gives a further drop of pres- 
sure, 

This exceedingly inefficient performance 
is to be compared with the performance 
of the centrifugal compressor, which gives 
practically constant pressure, regardless of 
number of furnaces.—that is, regardless of 
quantity of air being used. If furnaces are 
turned off, the quantity of air passing 
through the compressor automatically de- 
creases and the power input lessens cor- 
respondingly. If no air is being used, the 
power input is a minimum, and is only 


smallest machines listed are too large for 
small gas furnace installations, only com- 


paratively large installations being pro- 
vided for. Usual gas furnaces require air 
blast capacity of about ten times the 


quantity of gas supplied. 

For ordinary gas or oil furnaces, the ma- 
chines rated at 1.7 pounds per square inch 
pressure should be used, and for furnaces 
requiring a concentrated or positively di- 
rected jet, the machines rated at 2.7 pounds 
per square inch pressure should be em- 
ployed. 


Pressures 


stated, no pressure varying 
valve, ete., is required, and 


As already 
device, safety 
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the pressure remains constant for all loads, 
if a constant speed driver is used, or varies 
automatically for foundry cupola service. 
There is therefore no necessity for select- 
ing sizes of pulleys or varying weights on 
safety valves, ete., in order to adapt the 
machine to the requirements of a particu- 
lar service. However, it is requisite that 
the desired pressure be properly selected 
in advance, as this pressure is a character- 
istic of the machine and is fixed when it 
leaves the factory. When a direct current 
motor is the driver, however, the pressure 
may be altered at any time, by hand alter- 
ation of the position of the field rheostat. 

The rated pressures given are those at 
the beginning of the pipe line, and with 
free inlet, and provision must be made for 
any pressure drop through the inlet supply 
pipe or drop in the main. All sizes are 
provided with inlet pipe which, for most 
efficient operation, should be led to a cool 
place out of doors. The pressures given 
are for air supply at a temperature of about 
60° F.: if the supply is hotter than this. 
or if barometer is abnormally low. there 
will be a slight decrease of pressure. For 
an average case, where the inlet air is 
heated somewhat, and where there is suffi- 
cient length of inlet and discharge pipe to 
give appreciable drop, the three groups 
listed may usually be depended upon to 
give, at a distance from the machine, ac- 
tual pressures in the mains of respectively. 
about 0.625 pounds per square inch (10 
ounces per square inch); 1.25 pounds per 
square inch, and 2 pounds per square inch. 
Extremely small pipes would give lower 
pressures, 

The centrifugal compressor delivers air 
at a constant pressure, and without such 
fluctuations as occur with a positive pres- 
sure blower due to its intermittent action. 
No tank is, therefore, necessary to steady 
the pressure, and the machine may be con- 
nected directly to the pipe line. 


Durability and Ease of Operation and Maintenance 


As already stated. the units are remark- 
ably simple and the only moving parts are 
the rotor of the driver, and the impeller. 
which are both mounted on a single shaft 
run in two bearings. These bearings have 
the usual efficient system of lubrication of 


the General Electric Company and seldom 
require renewal. There are no other parts 
where wear can possibly occur. The bear- 
ings are self-oiling, so that the only at- 
tention which the machine requires is the 
renewal of the oil in the reservoirs at in- 
tervals. There are none of the belts, 
gears, sliding parts or other devices which 
give so much trouble in the usual type of 
positive pressure or fan blower. 

A number of machines have been in ser- 
vice for long periods without renewal or 
adjustment of any kind and without atten- 
tion except a monthly renewal of oil. 

These machines have replaced positive 
pressure blowers very successfully. They 
have avoided the pressure variation previ- 
ously occurring as load varied, as well as 
the attention, oiling and frequent repairs 
previously necessary to keep the positive 
pressure blowers in good order, so that 
very enthusiastic testimonials have been 
received. In these installations the valve 
in the discharge pipe may be opened or 
closed, putting on or off full factory load, 
without appreciable pressure variation or 
waste of air. 

There is no possibility of wear in the 
centrifugal compressor, so that the effi- 
ciency and capacity always remain = un- 
altered; actual tests of machines after 
long service confirm this. In this respect. 
the apparatus is vastly superior to the 
positive pressure blower, which has vari- 
ous rubbing surfaces that soon wear so as 
to cause serious leakage, and great de- 
crease of efficiency and capacity. As al- 
ready stated, actual tests of positive pres- 
sure blowers have shown a loss in the ca- 
pacity of 50 per cent from measured dis- 
placement. 


Blast Gates 

A line of blast gates has been developed 
by the General Electric Co... and one of 
these should usually be placed in the dis- 
charge pipe. It is necessary that a blast 
gate be used for induction motor drivers, 
and it is desirable to have one for direct 
current drivers, in order to remove load 
when starting. A blast gate will also be 
found very convenient with steam turbine 
drivers. As in any fan blower, there is 
an open passage through the machine when 
not running. 


184 GENERAL ELECTRIC REVIEW 
POWER REQUIREMENTS OF RAILROAD SHOP TOOLS 


Generally speaking, the generator ca- 
pacity for railroad repair shops is equal 
to approximately 15 kw. per locomotive 
pit, or space in erecting shops occupied by 
one locomotive. ‘This includes the require- 
ments for tools, cranes, heating, blower 
and exhaust fans: ie, provides for all 
power required except that needed for 
lighting. 

The tools alone require about 9 or 10 
kw. per pit; the heating, and the blower 
and exhaust fans demand 5 kw. per pit: 
while 3 kw. per pit will care for the ordi- 
nary shop and adjacent yard lighting. If 
in addition to shop requirements, power is 
needed for lighting terminal vards, build- 
ings, ctc., an increase in generator capacity 
must be made to cover such demands, 

The following curves, Fig. 1 to 8, to- 
gether with tables Vo to X, are submitted 
to cover the horse power requirements of 
the machine tools generally found in rail- 
road repair shops, 

Occasionally certain tools are selected for 
the purpose of performing extra heavy ser- 
vice, to utilize the full capacity of the new 
rapid cutting tool steel, as is now done in 
manufacturing shops. In such cases the 
power to drive the machine must be figured 
on the basis of service required, but as 
these cases are few and exceptional, the 
curves will be found to meet the majority 
of conditions, and the exceptions can be 
taken care of by the following formula: 

Horse power to drive = F x Dx fup.m, * 12 
KNxC (1) 

Where :— 

= feed in inches 

Dedepth of cut in inches 

i.p.m.=feet per minute 

N=number of tools cutting 

C=a constant with the following values. 
depending on the class of material :— 

TaBie | 

Cast iron ...........-.0.35 to 0.5 
Soft steel or wrought 

[TON ~siac.c bein bss wee OAS to 0.7 
Locomotive driving 

wheel tires ......... 0.70 to 1.00 
Very hard steel, such 

as crucible steel driv- 

ing wheel tires...... 1.00 to 1.10 


By L. R. Pomeroy 


This formula is based on Vrof. Flather’s 
dynamometer tests, which check up fairly 
well with actual motor tests, and it is 
therefore submitted with confidence. 

As an example of the accuracy of this 
formula, the aggregate horse power of 45 
tests made with various tools was 247.7, 
while the calculated aggregate horse power 
by formula equalled 247.2. 

The extensive tests made by Dr. Nicol- 
son of the Manchester Technical School, 
England, confirm the correctness of the 
foregoing formula, and form a very interest- 
ing contribution to the subject. A careful 
analysis of the results of these experiments 
shows the average horse power required 
at the motor, per pound of metal removed 
per minute, to be as follows: 


Tarte II 
Medium or soft steel or 
wrought iron ..........2.4 Ip. 
ard acted) sis dno 0k x00 cae 
Cast iron, soft or medium.1.00h.p. 
Cast iron, hard..........1.36h.p. 


Using the symbols of previous formula 
the horse power becomes:— , 

Fx Dx fipm.x12*NxW*kK (2) 
where W equals the weight in pounds of 
a cubic inch of the metal, and K is the co- 
efficient for that metal as given in Table 11 
above. ‘The value of W for the different 
metals is as follows :— 


Tarte IIT 
Cast dro, wicseeeee sees s.ase 0208 
Wrought iron ......++++++--0.278 
Steel) iss ecette steee dese O.eor 


The following examples illustrate the 
more or less heavy cuts to which reference 
has been made; the larger powers given are 
exceptional, while the average requirements 
are far below these, and all are submitted 
as actual cases which have come under the 
writer's observation :-— 

(a) 100 inch driving wheel lathe 

(material steel driving wheel tires) 
5/16” feed, 5/16” cut, at 18.5 feet 
per minute—two tools cutting. 


POWER REQUIREMENTS OF RAILROAD SHOP TOOLS 185 


Substituting in formula (1) we have :— 
5/16 * 5/16 x 18.5*12x2x C=40 hup. 
Same lathe, 3/16" feed, 1/4” cut, 

at 160 f.p.m—two tools cutting 
3/16*1/4x 16x 12x2xC=16hp. 

(b) Old 76 inch driving wheel lathe, 

(material driving wheel tires) 
1/16 x 1/4x 16x 12x2xC=5 hp. 
(c} Steel tired wheel lathe (material 
engine truck wheels) 
1/7 x 5/16 x16 x 12x2xC=I7 hp. 

(d) Planer (material cast iron) 

5/32” 3/8"* 16’ x 12 x 0.35 (one tool 

cutting) ..... ete sone soe ALES 

{two tools cutting)... .. . Dhp 

(e) Planer (material wrought iron en- 
gine frame) 

5/32" 1/2" x 16°x12x2x0.5 (two 

tools cutting)..... phi ea eee” Es 

(f) 76 inch boring mill (on cast steel 

driving wheel centers) 
1-8” x 3/4" « 30’ x 12*3 «0.45 (three 


BOOK CUTIE) ei i vdae vase 45 hep. 
Same machine boring driving wheel 
tire 
1/8” x 3/16” x 28’ x 12x21 (two 
tools cutting. ..... ree 15 hep. 


(g) &4 inch boring mill (on 62” cast 
iron wheel centers) 
1/8" 1/10" 30% x 12*3* 0.35 (three 


tools cntting) ..656 sc... 4.7 hep. 
Same mill boring 44” steel tire 
1/4” x 3/32” x 26’ x 12*2*x] (two 

tools cutting).......... 14.5 hep. 


(h) The following is a special test on 
an extra heavy driving wheel 
lathe, and gives results represent- 
ing tnusual conditions. The op- 
erator was given a heavy bonus 
to develop the ultimate capacity 
of the machine. 

Average feed 0.46025", depth 0.0423", 
at 12.2 f.p.m. (two tools cutting). 


These figures are the averages of 37 tests, 
and represent a consumption of 40 h.p., 
while the maximum h.p. required was about 
63. The machine was equipped with a 40 
h.p. direct current motor with 2.1 per cent 
speed variation. 

The lathe in question was a “special”, 
extra heavy, and of about double the ca- 
pacity and cost of the standard driving 
wheel lathe of equivalent size. On aver- 
age work, the same investment if expended 
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Fig. 1, Drill Press 15 to 20 Ft. per Min. 
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Fig. 2. Shaper 15 to 20 Ft. per Min. 


on two lathes will turn out more work in 
a year than this special machine. 

For rapid estimates, where the foregoing 
data is not available, the horse power re- 
quired can be obtained by the following 
formule : 

d= fx r.p.m, 
(Single belt) horse power = ————-——-_ (3) 
12 « 400 


d= ff rp.m, 


12 x 400 x 0.7 


(4) 


(Double belt) horse power = 
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where: 
d=diameter of smaller pulley in inches 
f=face of pulley in inches 
r.p.m.=revolutions per minute. 
These formule are very conservative and 
provide for about as much overload capa- 


O¢rorke 17 es 


Fig. 3. Slotter Cutting 15 to 20 Ft. per Min. 


city for belts as is ordinarily assumed for 
motors; they also provide a liberal allow- 
ance for the influence of centrifugal force, 
and for the diminishing are of contact on 
the pulley when it is driven from a larger 
one. 

They are especially useful in figuring the 
power required for wood working machines 
and were arrived at largely from experience 
with such apparatus. 


Itt “ 


atte 


2 SOSSSS SS Oe ee ae anni 


s 


MOO OS Sat 
a 


4 


Fig. 4. Boring Mill One Tool Cutting 20 Ft. per Min. 


Another formula, adapted from Ruleaux, 
giving somewhat higher values, is preferred 
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by some as it considers the thickness of 
the belt. In this case the allowance for 
centrifugal force and for the are of contact, 
being less than 180 degrees, is taken care 
of in the selection of values for the con- 
stant C. 

Horse power =t x wx f.p.m.«C, (5) 
or if the r.p.m. and not the f.p.m. is known: 

horse power=t*w*dxrp.m.xC 
where ° 4 

t=thickness of belt in inches 

w = width of belt in inches 

d=diameter of pulley in inches 

C=a constant, of following values: 


Tarte IV 
Leather belt....... 0.0062 to 0.0093 
Cotton belt........0.0036 to 0.00608 
Rubber belt....... 0.0050 to 0.0082 


The tool builders do not always diserim- 
inate between the requirements of manu- 


\ 
\ 


Pig. 5. Forging and Bolt Heading Machines 


facturing plants and those of railroad repair 
shops, and for this reason motors are often 
recommended that are larger than neces- 
sary. For example; the jiaished product 
of the axle departments of such concerns 
as the United States Steel, Midvale, Beth- 
lehem, and Cambria Companies, becomes 
the raw material for railroad shops. In 
the former shops the forging is turned out 
from the hammer without much regard to 
finished dimensions, as it is much cheaper 
to rough out to size on special rapid re- 
duction lathes than to attempt to reduce 
to size under the hammer. 

For such machining high power is re- 
quired, but for the same lathes in railroad 
shops, where the work performed is mainly 
finishing cuts on journals and wheel seats, 
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a smaller and cheaper motor may be se- 
lected. 

The Bement-Niles lathe which was fur- 
nished the Howard Axle Works may be 
given as an example of extreme require- 
ments, such as mentioned. ‘The capacity 
of this machine is two cuts, each 5-8 inch 
by 1-8 inch at 60 feet per minute, and at 
this rate of cutting the machine will require 
a 60 horse power motor. 

Another machine, built for the same class 
of work and used largely in axle shops and 
in many railroad shops, is capable of taking 
two cuts of 3-4 inch x 1-12 inch, at 24 
feet per minute. This requires 18 h.p, and 
the machine is usually furnished with a 20 
h.p. motor. 

While this power is all right for the full 
capacity of the machine, 10 h.p. will cover 
the requirements of the same tool on aver- 
age railroad shop work. 

Number of pits required = 


(Total number of engines) © (average numberof days in shop) 


300) [number of working days in year} 


Examples:—400 engines; average days in shop, 25. 


Number of pits — = 33. 


200 
(Number of pits) » 300 


Capacity per year - F 
Average number of days in shop 


In order to reduce to about 20 the aver- 
age number of days in shop that are re- 


Fig. 6& Planers (Two Tools 15 to 20 Ft. per Min.) Ratio 
of Cut to Return 1:3 


quired for general overhauling, it is esti- 
mated that the machine shop adjacent to 
the erecting shop should contain seven ma- 
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Fig. & Pipe Threading and Cutting Machines 


chine tools per engine pit, and the floor area 
in order to accommodate seven tools per 


engine capacity, should be about 1500 
square feet per pit. 
Power required for air compressors 


equals the delivery of free air in cubic feet 
per minute, at 100 Ibs. pressure of the com- 
pressor, multiplied by 0.14. 

Modern erecting and machine shops, in- 
cluding heating, cranes, ete. cost from 
$2.50 to $3.50 per square foot of inside 
measurement, 

Rate per kw. hour to cover fixed charges= 

total fixed charges per year 

(max. demand) « 8760 ~ (load factor) 
Illustration : 


Fixed charges ...............$8330,00 

Maximum demand ..........500k.w. 

Load faciOl 660k cevicis sss ceded percent 
Then: 


$8330 


= 30,0057 
500 = 8760 » .33 


rate = 
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TABLE V 
Botr anp Nouv MacuiNnery, HeLve 
Hamers, Muttirvi.e Drinis, Erc. 


Moter hop. 
required to drive 


14” single head bolt cutter........ 1% 
Pratt & Whitney No. 4 turret bolt 


GURNEE pairs cies awewistisbviasaeawasees me 
2 spindle stay bolt cutter........... 2 
1144” Acme double head bolt cutter... 2% 
11%4-2% Acme nut facer............. 2% 
6 spindle NGC AEPPOE Lc ewes eb akenten 
14” triple head bolt cutter.......... 3 
34-2! 2” double head bolt cutter...... 003 
2” triple head bolt cutter............ 5 
4+ spindle stay bolt cutter........... 005 
Bradley Rammed ics cceeciercucsss 792 
Niles 4 spindle multiple drill........ 0 7% 


Tame VI 
GRINDERS 


Motor hom 
required to drive 


Ar COCK” rine ss 6 saaised base wets 
No, 3 Brown & Sharp universal 

MEME swe on nes ase v aan 
EAN - MEMUEO iS cceeniaceawens ou aA 
Sellers universal grinder for tools... 
Norton 18” x 96" piston rod grinder 


Tanne VI 
Miners 


win ww we 


Motor hop, 
tre isi. to drive 


Vertical miller Becker Urainard No, 2 

Valve miller No, 2........ Saraatens cee 
Universal miller No. 3 Lrown & Sharp 2 
Universal miller No. 4+ Brown & Sharp 3 
Universal No. 6 Beeker DBrainard.... 5 
Niles Reavy verti¢al....csessee seen a 


Tanne VII 
PoNxcies AND STARS 


Meter hop. 
required to drive 


Now + 30” throat 1. & A. punch..... 3 


No. 9 horizontal ange punch. ....... 5 
No. 2.) Hillis & Jones combination 
punch and = shear........... ieee oe 


Alligator shear (stock 5% x 1%)..... 5 
Lenox rotary bevel shear.......... 7% 
36” multiple tank plate punch with 


spacing table ........... apeacawael oe We 
No. 3 Hillis & Jones comb. punch 

and shear, 12” throat..... ict wtnae. 20 
No. 2 horizontal prnch 20” throat. 71 


No. 3 Hillis & Jones combination 
punch and shear, 36” throat...... 1 
No. 3 angle shear 5” x 1” bar....... 1 


Coo 


Tarte IX 
Saws 


Mator bop. 
required te drive 


Band saw, 36” wheel............6-- 

jand saw, 42” wheel... . 
Swing cut Off Saw..... cece ee eeeees 
jand saw, 48” wheel............... 
Greenlee 1% self feed rip saw....... 
Greenlee vertical aut. cut off saw.... 
AG SAWS ean dn se oiee's ace ragece 
Auto. band fresdwe asa ccascsccesessa 
Greenlee No. 6 aut. cut off saw...... 
Greenlee No. 3 rip saw..........- - 
Woods No, 4 rip saw........ cece 
x. heavy aut. rip saw......... pees 


. 
St Se 


coed 
— 
— 


Iotwivty—— 
BEBE, 


tv 
“sa 


Taste X 
Woop WorKING ‘Toots 


Motor hop. 
required te drive 


Fay-Egan single spindle vertical bor- 
ing machine ...........6. vuceeae: 2 
Fay-Egan 3 spindle vertical boring 


MACHINE: Fanavctedasie vs teewatades, 
Fay-Egan No. 6 vertical mortiser and 
DOTOR i chicos cite ete eee oa 6 
Kay-Egan No. 7 tenoner or gainer 7% 
universal wood worker... 7% 
re 4 spindle vertical borer... 71% 
. 5 spindle vertical borer 10 
14” inside moulder........0ceec0ee- 12 
Fay-Egan universal tenoner & gainer 12 
- vertical tenoner .......--- 12 
Greenlee aut. vertical tenoner....... 15 
Fay-Egan No. 3 gainer, also Greenlee 15'4 
Greenlee Ex. Range 5 spindle borer 
Br TNOTMOT: 26 oi bea vice deive secs UD 
Greenlee vertical mortiser....... sae a 
Fay-Egan Auto. gainer, also comb. 
grainier Se MOCliser ssecc cscs case ess 20 


Fay-Egan No, 8 vertical saw & gainer 20! 

Vertical hollow chisel mortiser & 
DOPE: ander nen shad ade sain aedes 20 

Fay-Egan 1412” double cyl. surfacer 2043 

Heavy outside moulder............. 20 

6 roll D. C. planer & matcher..... Te 

Double cylinder fast flooring machine 30 


Double cylinder planer & matcher... 30 
Fay-Egan No. 8 auto, tenoner...... 30% 
Woods No. 27 matcher............. 35 
4 side timber planer, heavy.......... 60 
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ELECTRICAL EQUIPMENT OF A LARGE BREWERY 


By Wa Hanp 


The large breweries of St. Louis have 
spent a great deal of money in the past 
year or two in enlarging and modernizing 
their equipment; the W. J. Lemp Brewing 
Company alone has spent close to a mil- 
lion dollars in this manner, and the clectric 
drive has been an important feature of 
these improvements, 

The General Eleetric Company furnished 
the entire electrical equipment, 

Power House 

The system ts 3-wire, 115,230 volt direct 
current. The present electric generating 
plant consists of the following 2300 volt 
engine driven 3-wire generators -— 

2200 kw. 200 rap.m, 

1—100 kw, 250 r.p.m, 

2— 60 kw. 280 r.p.m. 

I— 30 kw. 300 r.p.m, 


Fig. 1, Engine Room Showing Generators 


with provisions for extensions. Figure 1 
gives a partial view of the generator room, 

(ne point is worthy of notice and that 
is the original plant was installed approxi- 
mately 20 years ago with small Edison 
belted machines. These machines are still 
used by the customer but are employed 
as motors for driving centrifugal pumps 


and they still have on the original com- 
mutators furnished with the metors. This 
demonstrates the excellent construction of 
these machines and the durability of clee- 


Fig. 2. Motor Driven Water Battery 


trical apparatus when properly built) and 
operated, 
Malt House 

Fig, 2 shows the water battery, centrifu- 
gal pumps, and pipe comections, of the 
new malt house. ‘These pumps handle 250 
gal. of water each per minute, at a mani- 
mum head of 100 ft.. and are driven by 
2 CIAL 960-1425 rpom. variable speed mo- 
tors. It is essential that the water flow 
from these pumps shall never fail, and the 
pipes are therefore connected to the fire 
pumps. This means that the fire pumps 
can assist the pumps described above, and 
in case of fire these pumps can help out 
the fire pumps, making a very unique and 
successful method. Fig. 3 shows the wir- 
ing connections and speed control of the 
above motors. 

Fig. 4. Barley centrifugal pump operat- 
ed by one CR 10 h.p. 6350 to 1200 r.p.m. 
variable speed motor. Handles 1500 bu. 
per hour. 

The CR variable speed motor shown in 
Fig. 5 operates one air compressor, shaft- 
ing and 3 grain elevators. This equipment 
is arranged for double duty by being belted 
to the floor below and relieves the equip- 
ment on that floor in case of accident or 
trouble, 
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The malthouse proper covers a ground 
space of 160 x 100 ft. and the dimensions 
of the different buildings are as follows: 


Length Width Height 
Steep House ins a 1) wu 
Gierminating House ws 0 oo SN” we 
Attemperatar Hause is 6 ab a oO 
Kilns iw oo wo’ Oo ww o 


The plant is constructed of stone, con- 
erete, brick, and iron, is cement plastered 


Ply. 3, Starting and Speed Control Mechanism 


and has cement floors, and iron staircases 
throughout, The walls of the compart- 
ment rooms are lined with cnameled brick, 
making the entire plant clean and fire 
proof, | 

The germinating house is three stories 
in height. The two lower floors contain 
the germinating compartments and the top 
floor is used as a working Hoor and con- 
tains the ventilating fan, centrifugal pump 
for washing the barley and the piping for 
unloading the steep tanks, also the air 
compressor for aerating the barley in the 
steep. 
Compartments 

‘The germinating rooms each contain four 
compartments, which are each 8&6! long by 
12’ wide and +’ deep to the galvanized 
perforated stec] malting floor, and three 
feet underneath this steel floor is a solid 
cement floor. The walls of the compart- 
ments are made of cast iron frames and 
steel construction. are lined with hard 
brick and plastered with cement. 

The galvanized steel perforated floor on 
Which the barley is grown, is made in see- 


tions to enable it to swing open, so that 


it and the solid cement floor underneath 
can be thoroughly cleaned. The water 
used for cleaning is carried off at the back 
of each compartment through pipes inte 
the exhaust air pipe, in which is located 
a bottle trap connecting with the sewer. 
Turning Machines 

On top of the side walls of each eom- 
partment are located the rack bar rails on 
which the malt-turning machines travel. 
Kach machine consists of a cast iron frame 
mounted on wheels carrying seven helices 
or turners, which reach to within a frae- 
tion ef an ineh of the galvanized steel floor, 
amd which rotate continuously in opposite 
directions while the machine is ta motion, 
thereby thorovghly turning and loosening 
the growing grain, without injuring ker- 
nels or sprouts and leaving the grain per- 
fectly level throughout the compartment. 
These machines work automatically. On 
the bottom of cach helix or turning screw 
is attached an elastic steel spring with a 
brush or scraper, which follows any un- 
evenness of the perforated floor and is al- 
ways in contact with it, so that each ker- 
nel is moved and lifted and makes the 
closing up of the perforations by sprouts 
impossible and insures a perfect circula- 
tion of air through the grain and = conse- 
quently an even temperature throughout. 


Pig. 4. Motor Driven Centrifugal Pump 


The turning machines are propelled with 
rope drive. ‘The drive sheaves are located 
on the wall in front of the compartments, 
and on this wall is also located the power 
spool for unloading the compartments. The 
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tension sheaves are located on the wall at 
the back of the compartments. ‘There are 
also guide sheaves for the ropes attached 
to the columns in the compartment rooms. 
ach turning machine has an independent 
friction clutch and an automatic stopping 
and reversing device, so that a machine 
can be stopped at any point in the compart- 
ment and reversed. 

To insure against breaking, cach ma- 
chine has a safety device in the shape of a 
breaking pin, which will break if any ob- 
struction is left in the path of the machine, 
through the carelessness of the maltster 
leaving implements or thermometers in the 
rain. 

Sprinkling 

To the turning machine is attached a 
brass sprinkling pipe which is) connected 
by oa hese te the water mains. ‘These 
mains are fed by aopump which ts 
fitted with a regulator, so that while 
sprinkling the grain, an even pressure is 
maintained, thus insuring a perfeet and 
even sprinkling, The grain is) sprinkled 
while the machine is in motion. 

Ventilating 

tack of the compartments are located 
the exhaust air flues which have valves 
connecting with the space underneath the 
perforated galvanized steel floors, and are 


Fig. 5. Motor Driven Air Compressor 


operated from the side of the compart- 
ments. There is a pointer showing how 
far the valves are open, so that any «e- 
sired amount of air can be let in through 
the growing barley. The compartments 
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being open on top, their contents are al- 
ways in view for the inspection of the 
maltster. 
Unloading of Companments 

In front of the compartments there is a 
gangway underneath which is a conveyor 
with a feeder aver it. A seraper runs back 
amd forth in the compartments and serapes 


Fig. 6 Motor Operated Grain Conveyor 


the malt into the conveyor through the 
fecder, and by this conveyor it is taken 
to the green-malt elevator (located in the 
stair and machinery house) which clevates 
it into the conveyor on the top floor of 
the kiln house, where it is distributed 
through revolving sprouts to the upper kiln 
floor, These revolving spouts distribute 
the malt evenly on the kiln floor and are 
closed off by valves when not in use. 
Attemperator House 

The attemperator house is four stories 
high, two floors of attemperators to each 
Noor of compartments. The attemperators 
supply the generating compartments with 
pure, cool, moist air. They consist of a 
series Of perforated zine sheet partitions, 
placed about three feet apart. Between 
these partitions run horizontal pipes to 
which are screwed vertical pipes, and on 
these are fitted atomizers. These atom- 
izers are so constructed that two streams 
of water of opposite direction, under pres- 
sure meet. thus atomizing the water and 
spraying it on the perforated zine plates. 
through which fresh outside air is drawn 
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and is purified, cooled and washed. The 
surplus water flows to a tank located on 
the lower floor of the stair house, The 
tank has an overflow so that all impurities 
are floated off and the clean water used 
again, with the addition of fresh water in 
such amounts as temperature and moisture 
require. The pumps supplying the atom- 
izers are located in the stair house, and 
are so arranged that any desired pressure 
can be maintained. The prepared air en- 
ters the germinating room through large 
openings in the side walls amd is drawn 
downward through the malt into the space 
underneath the perforated stecl floors and 
then through valves in the back of the 
compartments into an exhaust air flue, then 
into the chamber above, from which it is 
discharged into the open through an ex- 
haust fan. The air being taken from the 
compartment rooms at the opposite side 
from which it enters, a perfectly even dis- 
tribution and even temperature through 
the growing grain is effected. ‘The tem- 
perature as well as the amount of air and 
degree of moisture, may easily be con- 
trolled to a degree during the summer or 
winter, 


Steeping the Grain 


The steep tanks are located in a sepa- 
rate building adjoining the germinating 
house, They are six in number (each 
holding sufficient grain to fill one half of 
a compartment). ‘They are square, made 
of steel and have a hopper bottom, to 
which valves are attached, The size of 
steep tanks is 12 x 12 feet, with a depth 
of 7 ft. and 45 degree hopper bottom. On 
top of each tank is an overflow, all the 
water enters the tank from below and 
overflows at the top, thus bringing all im- 
purities to the surface. The tanks are also 
provided with perforated air pipes for 
acrating the grain during the steeping. 
From the steep tanks the grain is carried 
with the water through a 4” pipe to a 
centrifugal pump, where it is given a good 
washing, thence it is carried through a 3” 
pipe to the compartments and there dis- 
tributed by means of a hose, the water 
draining off through the perforations in 
the compartment floors, The grain is thus 
evenly steeped, washed and = distributed, 
There is no steep smell whatsoever, 


The barley is brought over from the 
storage elevator by a conveyor located in 
a tunnel, then through an elevator located 
in the steep house, then through a con- 
vevyor on top of the steep tanks, where tt 
is distributed to the different tanks. In 
this tunnel is also located the malt con- 
yeyor, which takes the malt back to the 
storage elevator, where it is cleaned and 
distributed according to the 9 different 
grades inte different bins. 

Kiln 

The kiln is of the three-loor type. and 

is divided into two separate kilns, with 


Fig. 7. Filling and Corking Machines, Daily 
Capacity 250,000 Bottles 


a stair house between them. The floors 
are perforated steel dumping floors with 
hoppers underneath, into which the malt 
is dumped when finished. 

Artificial draft is used, which is created 
by fans located above the upper kiln floors, 

Fig. 6 shows a tunnel 350’ long lead- 
ing from the new grain elevator to the 
new fermenting house. ‘This is the longest 
line of conveyors in the world and is com- 
posed of three lines of 14” steel grain con- 
veyors, triple strength, capacity 3000 bu. 
per hour, Each conveyor is driven by 
one CQ 15 hp. 630 r.p.m. motor. The 
drive is direct by silent chain. 

The north end of the bottling works is 
shown in Fig. 7. A long line of filling and 
corking machines are well in view. Also 
10 soaking tanks or rotating sterilizing 
drums. ‘This equipment is driven by 2 
CE 10 hip. metors. The capacity of this 
plant is 250000 bottles per day. 
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FUNDAMENTAL PRINCIPLES OF CENTRIFUGAL FANS 
Part II 
By Maxwetit W. Day 


Theory of Fans 


As considerable confusion exists concern- 
ing the action of centrifugal pumps and 
fans, it may be well to give the funda- 
mental principles. It is quite commonly 
supposed that the pressure developed by 
a blower or pump is due to the peripheral 
velocity of the water as it leaves the wheel; 
that is, the pressure, expressed as the head 
of the liquid or fluid, is equal to:— 

V3 

2g 
This, however, is not so, and further- 
more a great portion of this peripheral 
velocity is not utilized in producing pres- 
sure, but is spent in eddies, unless a proper 
set of diffusion vanes be used. 

In Fig. 4 let W represent a body revoly- 
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ing about the center, assuming the weight 
to be WY, its mass will be :— 


W 
g 


and the centrifugal force produced by it 
equals :— 


ae ee M V? 


gr r 

In Fig. 5 is represented a tube containing 
fluid, open at the inner end and revolving 
about the center B:; each particle ex- 
erts an outward centrifugal force depend- 
ent upon its mass and its distance from 


the center. The total centrifugal force or 
pressure per square foot, P, of all the par- 
ticles is equal to:— 


W V? M 6V? 
2g 2 
in which W and M represent not the total 
weight and mass, but the weight and mass 
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of unit volume assumed in air calculations 
at 1 cubic foot, 

If the tube, as shown in Fig, 6, does 
not extend entirely to the center, the cen- 
trifugal foree will be less and is repre- 
sented by — 

P = WV, : V,7) 
g 2 

Fig. 7 represents a bent tube dipping in 
fluid and revolving about a vertical axis. 
The centrifugal force produced will raise 
the Nuid to a certain height H. This height 
depends upon the pressure produced and 
is determined by the equation :— 


. P 
HW =P, or H= W 
in which W represents the weight of unit 
volume and H the height of the column. 
Therefore, the height :— 


H= 


Fig. 8 shows a simil-r tube extended to 
the axis of rotation, in which case V, be- 
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comes zero and the centrifugal force is, 
therefore, greater and the head 


H= 

2g 
It is not practicable in pumps and fans 
to get the full benefit of the entire radius, 


’ 
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P (AB) = eee ne 


M(V,7—V," 
2 

_ W (V,*-—V,? 

ee 3 
because a certain inlet opening must be 
provided, 

Fig. represents a similar tube with the 

inner end bent forward in the direction of 


rotation, ‘This acts like a Pitot tube mov- 
ing through water and produces a_ head 
equal to 


rz 
V, 
“8 
which makes up for the loss of centrifugal 


force, due to the fact that the tube does 
not extend to the axis of rotation. This 
reaction or Pitot tube effect produces a 


-- 4 


-— r-4 
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Vv 2 
¥,=0 Then H= *? 
2g 


portion of the head and the centrifugal 
force produces the rest of it. 

If this tube were carried in a straight 
line through the water there would be a 
certain head produced :— 


Vv. 
2 
but revolving it about an axis gives the ad- 


vantage of the additional head due to cen- 
trifugal force, 


- 
If the vertical part of this tube be cut off 


a er 


CENT. FORCE He=V2"—V: : 


“EK 

2 

REACTION HEAD H;= 2g 
H= (V.*—V,*)+V,? = V.* 
2g 2g 


below the head to which the water is 
raised, the water will flow out through the 
tube with a velocity, neglecting friction, 
due to the amount that the pipe is cut off 
below this head. Calling this amount H, 
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and the velocity of the water through the 
tube as C— 
C= V2¢H, 

If the tube is revolved without any dis- 
charge of water, the only work done is 
overcoming friction, but if the water is 
discharged, work is done in raising a cer- 
tain quantity of water per second through 


| Wd 
| 


REDUCE HEIGHT OF PIPE WATER WILL 
FLOW WITH A VELOCITY C= 2g H* 


fg 0 


the height of the tube plus the kinetic 
energy of the moving water. ‘This static 
head, to which the water is raised, and the 
velocity head of discharge, are, together, 
equal to the total head produced by the 
revolving pipe. 

Taking the cu. ft. of water per second 
to be O and weight of one cubic foot by k, 
the work done in raising the water will be 
equal to OkH, and as 


vy: 
H= Oy 


the work of raising the water is equal to— 
Ok x 


In addition to this work, this same 
amount of water has been accelerated up 
to a velocity V. and therefore its kinetic 
cnergy due to this velocity is equal to 

MS - a 
2 Qk 2Qy 


and the total work done on the water or 
other fluid by revolving the tube is equal to 
Vv? se 

5, = Ok 

28 g 


which is double the amount of work re- 
quired to accelerate the same mass in a 
straight line to a velocity V. 

A wheel of a centrifugal fan or 
pump may be considered as several 


2x Qk 
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tubes or channels assembled together 
in a radial direction, taking fluid at 
the ‘inside and discharging it at the 
outside ends, but the relative — ve- 
locity with which it escapes out from the 
wheel is very much less than the relative 
velocity with which the inner edge of the 
blades approaches the fluid. Figure 11 rep- 
resents the wheel of a pump — with 
the pipe extending down in the water. 
After this has once been filled if it is ro- 
tated with sufficient speed, the water will 
be drawn up the pipe and discharged out 
throvgh the wheel, or a similar wheel ro- 
tating in the air without any casing around 
it will draw air in through the inside and 
throw it out at the outside. The cen- 
trifugal force produces an outward pres- 
sure, the head of which is equal to 


V,7-V,? 
2g 
and the static pressure of which will be 
equivalent to the total pressure diminished 
by the velocity of the outgoing air. 
by turning the inner edge of the blades 
forward toward the direction of rotation, 


fie 


a reaction effect is produced the same as 
shown in the case of a revolving tube, and 
if the blades are bent sufficiently forward 
the combined reaction and centrifugal effect 
is equivalent to the centrifugal effect of 
blades extending entirely to the center, and 
is therefore equal to— 


V,? 


> 
<f 
the velocity head of the outgoing air. 
As previously explained in the case of 
the revolving tube, there is, in addition to 
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producing the pressure and velocity just 
mentioned a velocity of rotation also, 
which, when the wheel discharges freely 
into the air, is entirely lost and it is de- 
sirable, of course, in order to make an effi- 
cient fan or pump, that this kinetic energy 
should be saved. 

The common way of doing this, which 
is however quite inefficient, is by the use 
of an ordinary spiral shaped scroll sur- 
rounding the wheel, and as the air leaves 
the wheel at high velocity it is gradually 
reduced in speed and leaves the outlet of 
the fan, as shown in Figure 13, with a ve- 
locity that is considerably reduced. 

There is. however, considerable loss in 
eddies and the condition is similar to that 
of a small pipe discharging the fluid at 
high velocity into a larger pipe with less 


iG. l2 


velocity, the loss of energy being propor- 
tional to the square of the differences of 
the two velocities. 

Figure 14 shows the velocity diagrams 
for which the following nomenclature is 
used: 

W. Absolute velocity in space, 

(The peripheral velocity of the wheel, 

ane 

C- The relative velocity of the 

along the blade, 

Figure 1 is used to denote the velocities 
at the inlet of the wheel, and Figure 2 to 
denote the velocities at the outside of the 
wheel. 

The velocity of the air going through the 
wheel depends upon the diameter and also 
upon the width. 

The air which comes in through the in- 
let of the blower is suddenly turned and 


fluid 
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starts to enter the wheel in a radial direc- 
tion. The inner edge of the blades moves 
rapidly through this air and the air travels 
outward through the wheel with a radial 
aed 
“a 
~ oe 
‘ 
, _ 


vs 
rd 
/ 
/ 


~. 


velocity which depends upon the area of 
the wheel at any particular point, and has 
a relative velocity along the blade depend- 
ing upon the angle of the blade with the 
radius of the wheel. 

To avoid impact losses when the air is 
suddenly caught up by the inner edge of 
the blade, it is desirable to have the blade 
cut the air on edge and not pick it up side- 
wise, and for this purpose it is desirable 
to make the inner edge of the blade in line 
with the resultant relative velocity, 

Assuming that the air enters the wheel 
with a radial velocity W,, as for instance 


13 feet per second, and that the tangential 
velocity at the wheel at this point is U,. 
say 72 feet per second, the relative velocity 
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is determined in magnitude and direction 
by completing the right-angle triangle 
shown in Figure 14, and its value is 73.2 
and its angle from the tangent is a,. With 
this shape of blade the air starts to move 
along the blade with a relative velocity of 
73.2 feet per second, and leaves the outer 


Fig. 15. Type EC-10 Centrifugal Fan, Direct Connected 
to Open CR Motor 


edge of the wheel at a very much less ve- 
locity C,, which is determined by the angle 
of the blade which may be assumed, for 
instance, to be 20° from the radius or 70 
from the tangent. 

\ssuming that the air leaves the outer 
side of the wheel with uniform ve- 
locity throughout the whole — surface 
of the wheel, its radial) velocity will 
depend upon the area of the wheel and the 
volume of air passing through. which, in 
this case, Is assumed to be 9.75 feet per 
second, and the relative velocity Cl. which 
is in a direction 20° from the radius, will 
he 


9.75 
cos, 20 


which equals 10.4 feet per second. ‘The 
miter tangential velocity U, is assumed to 
be 96 feet per minute and the absolute ve- 
locity of the air in space W, is the result- 
ant of these two velocities, which by solv- 
ing this triangle is equal to 93 feet per 
second. This is less than the outer tan- 
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gential velocity of the wheel on account of 
the backward slope of the blades. 

The theoretical head produced by the 
wheel. disregarding friction and eddy 
losses, is as follows: 

Assuming that the air is drawn directly 
from the atmosphere and is discharged by 
the fan under pressure, the static pressure 
at the inner edge of the wheel is less than 
atmospheric pressure by the velocity head. 


We 
“g 
amd alse by the inlet losses, which, it- is 


assumed, are nepleeted, the reaction head 
produced by the wheel ts 


Se Ce 
? 
=f 
and the head produced by centrifugal force 
is— 


Ut -U? 
a4 

and the velocity head of discharged air is— 
We 
2g 


Pig. 16. Type EC-29 Centrifugal Fan, Direct Connected 
to Open CR Motor 


all of which is measured above the inlet 
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pressure which is less than atmospheric 
pressure by the velocity head, 


and the inlet loss. 


Hence, the total theoretical head above 
atmospheric pressure produced by the 
wheel is— 


(Cae Cs) + (U7 -U,?) + (W,? Wi?) 
7 2¢ 


There is quite a loss at the inlet where 
the air is suddenly turned from an axial to 
a radial direction. ‘There is also loss in 
friction of air passing through the wheel, 
and a much greater loss in converting the 
velocity head of the discharged air into 
static pressure; and in addition to this 
there are losses due to leakage around the 
edge of the wheel, friction of the wheel 
revolving in the air in the case and bearing 
friction. 

If the inner edge of the wheel is laid 
out strictly in accordance with the velocity 
diagram, the blade may be too flat to 
properly resist centrifugal force and on 
that account it is desirable sometimes to 
slightly depart from this angle, but a slight 
change does not seriously affect the effi- 
ciency. 

On account of the importance of effi- 
ciently converting the velocity head of the 
discharged air into static pressure with 
the ordinary construction of centrifugal 
pumps, it is customary to give the blades 
a very strong backward angle at the out- 
side of the wheel to reduce its absolute 
velocity as much as possible, but in’ fans 
it is not so necessary and a good efficiency 
has been obtained with blades which ac- 
tually curve forward at the outside end, 

For turbines, pumps and centrifugal air 
compressors guide vanes are provided in 
the casing beyond the outer edge of the 
wheel, which receive the fluid on the edge 
of the blades and gradually reduce the 
velocity before it is delivered to the outer 
part of the casing, and in this way a large 
part of the velocity head is recovered as 
static pressure. 

With few blades and especially if thev 
are shallow in a radial direction, the air 
does not strictly follow the curve of the 


blade but passes through the openings in 
the wheel with a greater backward angle 
than the blades, as is shown by calculation 
which IT made on a standard fan in which 
the total calculated energy put into the air 
by the formula given above was greater 
than the output of the motor, which showed 
that the absolute velocity was much less 
than the mathematical calculation would 
indicate. This docs not mean that the 
energy is wasted because, although the 
developed pressure is reduced, the power 
to drive is also reduced, 


Standard Fans 


These fans. as explained in the 
Generat Evecrric Review of Jan., 1907, 
dre convertible and they can be turned in 
sixteen different directions for steel plate 
fans and eight different directions for the 
cast shell fans, besides being able to change 
the fan to run in the opposite direction for 
each one of the different positions. 

The illustration on the cover of this 
issue of the Review, together with Figs. 
— and — of this article, show the gen- 
eral appearance of these fans. 

Resides being used for ventilation of 
vessels, these fans are adapted for venti- 
lating transformers, turbo-generators and 
other electrical apparatus, and for general 
building ventilation and forced draft for 
boilers. 

Where there is to be no inlet pipe, it is 
frequently desirable to use a fan with a 
double inlet in which case the fan casing 
and wheel are double the ordinary width 
and will deliver double the quantity of air 
of the single inlet without being run at a 
reduced speed, thus allowing the use of 
higher speed motors for the same delivery 
than the single inlet fans. When cither 
single or double inlet fans are used for this 
purpose, they are provided with a bell 
shaped inlet as, otherwise, on account of the 
vena contracta the incoming stream does 
not completely fill the inlet at full velocity. 
and therefore the velocity in the center of 
the inlet is very high and a considerable 
head is lost. | believe that energy equal 
to hundreds of horse-power is being con- 
tinually lost throughout the country on 
account of the omission of this type of 
inlet and the discharge chute on fans, 
which could conveniently be equipped with 
them. 
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MAGNETITE HEADLIGHT 
By G. N. Ciamnernin 

The characteristics of the metallic or 
magnetite are which have made the system 
an important factor in’ street illumination 
are now well understood. The details of 
are control, electrode composition and lamp 
mechanisin have been perfected and about 
15,000 lamps are in successful operation. 

The magnetite are, which has made this 
street lighting system a success, is found 
to be ideal for locomotive and street car 
headlights. 

The demand for a powerful and reliable 
headlight has increased rapidly with the 
extension of high speed interurban rail- 
roads, These requirements until the pres- 
ent time, have been quite satisfactorily 
met by the enclosed are headlight. 

The new headlight which is shown in 
Fig. | is very similar in external appear- 
ance to the carbon headlight, and consists 
of a galvanized sheet-stecl casing about 
15” in diameter, 9 deep. reinforced ly 
iron door castings, making a rigid strue- 
ture. 

The mechanism is not of a regulating 
type. but so arranged as to strike an are 
ofa fixed Jength, With the slow rate of 
burning of the electrodes there are sufh- 


Pig. 1. Magnetite Headlight and Series Resistance 


cient interruptions of the circuit incidental 
to regular operation to maintain the are 
within safe voltage limits. This permits 
of a more simple and substantial construe- 
tion, suitable for railroad service as found 
in high speed interurban cars. The lamp, 
together with reflector, being held in place 
by one wing nut on the back of the casing 


can be readily removed for inspection or 
repair (Fig. 2). 

In order to protect the are from air 
Which might otherwise pet between the 
sections of glass and the door, there are 
two separate panes used with the joints 
averlapped. “The use of sections or slats 
instead of solid glass lessens the lability 
of breakage from extreme temperature 
changes, 


Fig. 2. Magnetite Headlight Opened 


At the focus of a highly polished metal 
rellector is the magnetite are, The upper 
electrode is a “TPT shaped copper forging. 
Ilaving a life of 2000 to 3000 hours, it 
may be considered as non-constuming, and 
being stationary, forms an are which re- 
mains in the focus of the reflector, This 
upper electrode is held at the bottom of 
the draft chimney, where the natural draft 
keeps the are burning on the electrode ends 
and carries off the fumes of iron oxide. 
The chimney is covered at the top by a 
hinged shield so designed as to proteet the 
are from high winds and rain, and makes 
the tubes casily accessible for cleaning with 
a brush furnished for the purpose. The 
lower electrode consists of an iron tube 
1% x 35” filled with material which will 
give the necessary vapor in the are stream 
to produce an efficient luminous are. 

That the track Ulumination is most sat- 
isfactory is shown from illustration on page 
174, which is a reproduction from a night 
photograph. The headlight not only illu- 
minates the track for a distance of 1200 
to 1800 feet ahead of the car, but the 
beam is exceptionally broad. 
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The lighting of a considerable area each 
side of the track is found to be of great 
assistance to a motorman in approaching 
and taking curves; also an additional in- 
surance against collision with vehicles, ani- 
mals or persons approaching the track. 

The magnetite headlight is designed to 
operate at 75 volts and 4 amperes. The 
difference between the line potential and 
are potential may be taken up in the re- 
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Fig. 3. Diagram of Car and Headlight Wiring 


sistance shown in Fig. 3. While the use 
of such a dead resistance gives satisfactory 
operation, incandescent lamps for lighting 
the interior of the car may be employed 
instead, thereby utilizing the energy rep- 
resented by the difference in voltage be- 
tween line and are. Different combina- 
tions of incandescent lamps can be used 
to make up this resistance, according to 
the number of lamps required to light the 
car. One very satisfactory combination is 
a group of sixteen 32 C.P. 110 volt lamps, 
consisting of four series of four lamps each, 
connected in multiple. If it is desired to 
increase the number of lamps in the car, 
thirty-two 16 C.P, lamps may be used, in 
eight series of four lamps each, connected 
in multiple. 

If it is desired to keep these incandescent 
lamps burning when the headlight is re- 
moved, or while it is being transferred 
from one end of the car to the other, a 
substantial resistance unit may be em- 
ployed, wired up to a pair of two-way 
snap switches, one placed at cach end of 
the car. This arrangement permits the 
headlight to be turned on or off without 
interfering with the incandescent lamp. 
Suitable connections for this arrangement 
are shown in Fig. 3. 

The vapors which make the metallic are 
of high illuminating value come from the 
negative electrode, so it is evident that in 


order to get this high candle power are, 
the lower or composition stick must be 
negative. This peculiar characteristic may 
be further taken advantage of in producing 
a dimmed light, where one is required for 
certain sections of the car route. With the 
current reversed and reduced to 214 amps.. 
a copper are of low efficiency is produced 
of an intensity suitable for city operation. 
Fig. 4 shows suitable wiring for such con- 
nections. This two-part resistance will be 
furnished when required and the advant- 
age of an available switch within reach of 
the motorman for immediately dimming 
the light will be appreciated by anyone 
approaching in another street car, auto- 
mobile or other vehicle. 

Several of these new headlights have 
been in actual operation on high speed 
interurban cars for several months, giving 
in each case very gratifving results. That 
this new headlight must practically super- 
sede the enclosed headlight, is evident 
from a review of its following advantages. 

Ist—The higher efficiency of the mag- 
netite are giving quantity and quality of 
illumination. 

2nd—Are maintained at focus of re- 
flector, insuring permanent direction of 
rays. 
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Fig. 4. Reversing Switch and Wiring 


3rd—No_ enclosing globe used thereby 
eliminating greatest expense of enclosed 
headlight maintenance, 

4th—Long life of electrodes—2000 to 
3000 hours for upper, 50 to 75 hours for 
lower, showing a further reduction in op- 
erating expense. 

Sth—Available means of quickly and ef- 
fectually dimming the light—a modern 
method as compared with the use of 
screens hung in front of headlight door. 


W1 


NEW LOW TENSION MAGETO 
By M. J. Fircn 


The growth of the automobile industry 
has been accompanied by a marked in- 
crease in the use of magneto ignition, so 
that now the magneto is considered an 
important factor in the equipment of not 
only high priced automobiles, but wherever 
improved and advanced devices are con- 
sidered as essential and as adding to the 
worth of the machine itself, 

The principal arguments for the adop- 
tion of magneto ignition are—reliability. 
‘ase of maintenance, simplicity and uniform 
quality and strength of spark,—all vital 
qualities. The magneto being geared or 
driven by chain from the engine itself en- 
sures a supply of energy for ignition at 
correct and regular intervals, In design 
it is simple; it climinates complicated 
wiring, with its attendant dangers of short 
circuits: vibrating spark coils; and bat- 
teries, which are always more or less trou- 
blesome and require much attention. 


Fig.!. Low Tension Magneto 


The demand for magneto ignition has 
now become so general that the General 
Klectric Co. has developed a magneto 
which embodies the most desirable of those 
features of construction which in past ex- 
perience have proven eminently successful. 


The low tension magneto may be re- 
garded as the fundamental type; conse- 
quently, this has been developed first. Me- 
chanically, it differs in many respects from 
other machines on the market at the pres- 
ent time. The general construction is 


Fig. 2. Parts of Low Tension Magneto 


most substantial and minus all superfluous 
trimmings, yet sufficient weight has been 
incorporated to ensure stability and dura- 
bility of all parts. 

Lubrication is effected by use of waste 
packing, in the same manner as has been 
successfully applied in connection with 
General Electric automobile motors. 

Generous oil wells are provided with 
overflow holes to prevent excess lubrica- 
tion, The type of bearing above described 
eliminates the small wick oiling device 
heretofore so often used, and ensures the 
ample lubrication necessary for these ma- 
chines, The oil wells are readily acces- 
sible, and when covers are in place, are 
dust proof and will operate for months 
without attention. Oil bafflers are provided 
on both ends of the armature to prevent 
oil from working into the armature and 
interior parts of the magneto. Ample bear- 
ing surfaces are provided, as well as a shaft 
of large diameter to ensure strength, rigid- 
ity, and a minimum amount of wear. The 
hase and bearings are of bronze and are 
given a sand blast finish which presents a 
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very attractive appearance. It has been 
found that bronze is a more satisfactory 
metal than aluminum, as it is less fragile, 
much more durable, and looks cleaner after 
extended use, 

One end of the armature winding is 
brought out through the hollow shaft by 
means of a steel conductor. The ins la- 
tion bushing between the shaft and the 
conduetor is of bone, which experience 
inlicates is very satisfactory, as it is little 
affected by moisture or heat. To avoid 
loose contacts, the current is carried from 
the steel conductor by means of ao pheos- 


has been of material assistance in the de- 
sign and manufacture of permanent mag- 
nets for these magnetos. ‘The magnets are 
of the double type, sprung on the frame 
and secured by but one screw on each 
side, thus reducing to the smallest amount 
the detrimental effect caused by drilling. 

Drilling of the pole pieces is also avoided 
so far as possible, the bearings being 
screwed to the top and base of the frame 
rather than to the poles, 

When it is in a vertical position the 
armature core slightly overlaps the pole 
gap and there is therefore at ne time a 


Fig. 3. Elevation and Cross Sections of Magneto 


phor bronze spiral spring to the outside 
terminal, which consists of a lever nut. 
The contact with all its parts is carried in 
a hard rubber cover screwed to bearing and 
provided with a knurled surface on the 
exterior, so that it may be readily grasped 
by the hand. The grounded side of the 
armature winding is firmly fastened to the 
core, and a carbon brush insures a good 
contact between the armature winding and 
the frame or ground. 

Long experience of the General Electric 
Company in producing millions of perma- 
nent magnets for meters and instruments 


complete breakage of the permanent flux, 
and demagnetizing of the field maguets is 
prevented. 

In order to secure a high short circuit 
current, the resistance of the armature 
winding is as low as possible, yet the 
number of turns is sufficiently high to 
give an adequate open circuit voltage. The 
dimensions of the armature permit both of 
these advantages to be achieved, and also 
allow generous insulation. An open cir- 
cuit voltage of over 100 volts is easily 
obtained and approximately 0.4 of an am- 
pere in short cirenit current, 


203 


ELECTRIC DRIVE IN COTTON GINS 


By A. N, FeineMANnNn 


If every cotton gin in the United States 
could be equipped with electric motors, the 
total horse power required would ap- 
proach the million mark, as there is scarce- 
ly a town in the “Land of Cotton” so small 
but that it supports at Ieast one gin, and 
sometimes three or four. 

An example of a modern gin equipped 
with eleetric drive is shown in the accom- 
panying illustration, which gives an exter- 
nal view of the W. H, Coyle Company's 


motor is installed in this buildings and is 
used for clevating, unloading, and cleaning 
the seed, as well as for driving a large 
screw conveyor which carries the seed the 
entire length of.the seed house and some 
eighty feet into the oil mill. 

It may be remarked, that the seed house 
bears the same relation to a cotton oil mill 
that a grain elevator dovs to a flour mill. 
The seed house being some distance away 
from the main engine, requires a good deal 


Electrically Operated Cotton Gin and Oil House 


gin at Guthrie, Oklahoma, the power for 
which ts supplied by the Guthrie Light 
and Power Co. The gin proper is shown in 
the foreground, while the tower shaped 
building is an unloading house containing 
two motors, one of 15 h.p. and the other 
of 714 h.p. capacity, 

The large buildings in the rear are a part 
of the cotton oil mill. One of these being 
the seed house, which is used as a store 
room for the oil mill and takes the product 
of some twenty or more gins. An 85 h.p. 


of shafting, with a consequent loss of 
power in bearings and belting and. in ad- 
dition, the cleaning and unloading from an 
intermittent load. For these reasons, it 
can be shown that a material saving will 
he effected by equipping a seed house with 
motors. 

Returning to the present installation; 
The gin proper consists of a two story, 
four stand outfit, with two presses equipped 
with friction tramper and hydraulic ram: 
while there are also separate unloading and 


204 GENERAL ELECTRIC REVIEW 


storage houses supplied with the necessary 
accompaniment of elevator, conveyors, and 
fan. 

The gin itself is operated by a 2080 volt 
three phase motor, of 60 h.p. capacity and 
running at 720 r.p.m. This is belted to the 
main shaft in the basement, and to this 
shaft are belted the four gin stands, the 
friction tramper, and the power pump for 
the hydraulic ram. Oil, however, is used 
in the ram instead of water, as it proves 
more satisfactory. 

The fan is driven bv a separate 15 h.p. 
motor, while one of 7'4 h.p. drives the 
unloader and cleansers in the storage 
house. Poth of these are three phase ma- 
chines and are operated at 220 volts and 
OO cycles. 

Gins of this capacity may be operated 
from one 75 h.p. motor, but as it is often 
desirable to run the unloaders and 
cleaners without the gin. it is advantageous 
to use several motors. The Coyle gin has 
more power than is necessary. 

The Guthrie Light & Power Co. has a 
contract with the Coyle Gin Co. for a flat 
rate of 50 cents per bale. including all 
operations, and which calls for a minimum 
amount of $500.00 per vear for power. For 
the past season, this was equivalent to 
about 4.1 cents per kw. hour, and in con- 
sideration of the special rate, the Gin Com- 
pany agreed not to operate the large mo- 
tor during the peak hours in the winter 
months. The small motors may. however, 
he operated at that time, and during the 
busy season sufficient cotton can be un- 
loaded and stored up to supply the gin 
proner from 9 a.m. until 12 ep... or longer. 
This is another advantage to be gained bv 
onerating an unloading and cleaning house 
with individual motors. 

Roth the owner and the operators of the 
vin are extremely well satisfied with the 
electric drive, and Mr. Coyle. who owns a 
great number of gins, regrets that the ma- 
jority of them are located in small villages 
where it is impossible to obtain electric 
power.*® 

In installing the electric drive in a gin al- 
ready built, it is verv desirable to do away 
*The General Electric Company manufacture a line of 
generating sets that are well adapted for use in localities 
like these, where itis difficult or impossible to secure reliable 
electric power. These sets consist of a gasoline engine 


direet connected to a generator and are furnished in various 
sizes up to 200 Kw. 


with the screw press, as this press throws 
a heavy temporary load on the motor, re- 
quiring a larger machine than otherwise 
necessary, and thus affecting the regulation 
of the entire system. The press is not always 
abandoned, however, and if the motor is 
of sufficient capacity the press, together 
with the tramper, may be retained by sim- 
ply substituting the motor for the steam 
engine, no other change being necessary. 
Where a hydraulic press is to be used the 
screw press must, of course, be taken out, 
and a power pump added to the equipment. 

The manufacturers of cotton gin ma- 
chinery are well equipped for supplying 
the necessary appliances for substituting 
motors for steam engines, inasmuch as a 
number of electrically driven gins have al- 
ready been installed, and the manufacturers 
are conversant with the requirements. 


COST OF COOKING BY 
ELECTRICITY 


Mr. E. L. Callahan, Oak Park, III, has 
emploved General Electric heating appli- 
anees in his home for all cooking and 
baking and has kept a careful record of 
the cost and current consumption for a 
period of twelve months. During this 
time, two to three meals per day were 
prepared for one to three persons. The 
total single-person-meals (number of meals 
multiplied by number of persons) was 
3035. The power consumed was 803 kilo- 
watt-hours, or 264 watt-hours per person 
per meal, which, at 5 cents per kilowatt- 
hour, is equal to $.0132 per person. per 
meal, 


The following utensils were employed :— 


One 6 qt. Vegetable or Soup Boiler 
One 2 qt. Vegetable and Cereal Cooker 
One 2 qt. Water Heater 

One 1 qt. Water Heater 

One 5 inch diameter Frying Pan 

One Oven 

One 7 inch diameter Frying Pan 

One 6 inch Stove 

One 12 inch Gridle 

One 12 inch Broiler 
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INDIVIDUAL MOTOR DRIVE FOR LITHOGRAPHIC PRESSES 
R. J. Binrorp 


The plant of Messrs. E. P. & L. Restein 
Company, Lithographers, corner of Dickin- 
son and 7th Streets, Philadelphia, presents 
a good illustration of electric drive. ‘This 
company are manufacturers of calendars 
and advertising novelties. 

The plant occupies a three story brick 
structure, 65 x 120 feet. The offices are in 
the front part of the first foor—the greater 


two of the presses are operated by motors, 
one of these presses being a Potter No. 5. 
The application of the motor to this press 
is as follows: 

Directly behind the driving pulley of the 
press is a Reeves variable speed counter- 
shaft, which is driven by means of a Gen- 
eral Electric 2-phase, 60 eyele, standard 
induction moter, This meter is located 


Induction Motor Driven Lithograpic Presses 


part of which floor is devoted to the press 
room, The storerooms and designing de- 
partment are on the second floor, while the 
third floor is devoted entirely to cutting 
and packing. On this latter floor are a 
number of cutting machines, which will be 
driven by a single 20 h.p. motor belted to 
a line shaft. 

In the press room are nine large presses 
and one bronzer, At the present time only 


directly back of the countershaft, and the 
whole driving equipment, consisting of the 
Reeves countershaft and the motor, is cov- 
ered by means of a platform built) up 
around the operating side of the press. 
This platform serves a twofold purpose, 
namely; to operate the driving equipment, 
and to provide a platform for the press- 
man. The starting compensator is mounted 
on two upright pieces just to the right of 
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the pressman’s position, The adjustment 
handle to the countershaft is reached by 
raising a section of the platform directly 
over the countershaft. This handle is 
located in the countershaft apartment ar- 
rangement. As there will at no time be 
sheets going through the presses when 
changing the speeds, this arrangement is 
satisfactory. 


The other press operated by motor drive 
is a Hoe, 31%, and has a countershaft simi- 
lar to the one on the Potter, but arranged 
under the press so that the pulley extends 
out behind the press pulley. ‘The motor 
used in this case is a General Electric 
standard 2-phase-00-cycle-induction motor, 
and occupies a position on the floor along- 
side of the press, directly back of the 
countershaft. As the countershaft is lo- 
cated under the press, it was only neces- 
sary to build a small bridge over the motor 
to protect it—the pressman’s platform be- 
ing to the right. The compensator is 
mounted in a similar manner as on the 
Potter, but to the left of the pressman’s 
position, 


The service to these motors is obtained 
from lines of the Philadelphia Electric 
Company. 


The Potter is a new press, and has just 
recently been installed together with the 
motor, and consequently a comparison 
cannot be made, but in the case of the 
Hoe 31%, where with the old steam drive 
to line shafting, 750 to 800 impressions 
were made, there can be obtained at the 
present time anywhere from 950 to 2000 
impressions, 


It has been decided to equip the entire 
plant with electric drive. The line shaft- 
ing is to be cleared away, thus giving the 
press room more light, and in the space 
taken up by the steam engine there is to 
be located a new press, making in all ten 
presses, which will be operated by indi- 
vidual motors. The elevator is in the 
front of the building, and will also be 
operated by a motor. 


Mr. S. W. Bowerman sold and installed 
the present motors, and during the coming 
year will install motors amounting to 
105 h.p., thus equipping the entire plant. 


NOTES ON EMERGENCY REPAIRS 


By W. G. ELY, Superintendent 
General Electric Company’s Construction Dept. 


Aside from the difficulties met with in 
the regular routine of installing apparatus, 
the construction man is often called upon 
to use his ingenuity in making emergency 
repairs, and locating troubles. A few ex- 
amples may be of interest. 

On one occasion, the armature of a 750 
KW 2300 volt alternator, bar wound, 
burned out, and inspection showed that a 
number of bars would have to be replaced. 
As is usually the case, the customer had 
not seen the advisability of carrying any 
repair parts in stock, and it was necessary 
to call on the factory for new bars. 
Unfortunately the factory had none in 
stock, and advised that it would take from 
a week to ten days to ship properly 
insulated bars. As the disabling of the 
generator seriously crippled the output of 
the station, the customer appealed to the 
construction man to help him out, at least 
temporarily, until repair material arrived. 

A close search of the town resulted in 
the discovery of a few copper stay bolts. 
These were hammered and filed to ap- 
proximately the proper size, and then 
formed and taped with several layers of 
cotton tape, and thoroughly filled with 
P & B paint. These improvised bars were 
then dried on top of a boiler over night. 
Within twenty-four hours from the arrival 
of the construction man on the ground, 
the temporary bars were installed, and the 
machine in service. It might be interest- 
ing to know that contrary to expectations, 
no trouble was experienced with these 
bars, before the permanent repairs were 
made. 

On another occasion, on being called 
upon to dry out several large direct cur- 
rent generators, that had been partially 
submerged in water for a number of hours, 
the usual methods were applied, that is 
the generators were short-circuited with 
the fields bucking, giving any where from 
full load to 50% over-load current. After 
running twenty-four hours frequent insul- 
ation tests being made, it was found that 
a point had been reached where additional 
running did not seem to accomplish any 
results on the armature, although the in- 
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sulation resistance was still considerably 
too low to warrant putting the generator 
in service, while the field coils tested out 
satisfactorily. Concluding that the trouble 
must be in the commutator, a number of 
blow torches were used to drive out the 
moisture. This however, did not appear 
to accomplish the desired result, and it 
was decided that if the trouble was in the 
commutator, the inability to get any 
results was due to the fact that moisture 
had no chance to escape. 


Several of the bolts passing through the 
commutator were then removed, and fun- 
nel shaped tubes were fastened in the bolt 
holes on the outside of the commutator, 
with the mouth of the funnel facing the 
direction of rotation. The machine was 
then brought up to speed, air was forced 
into the commutator, and out the holes 
at the back. The drying out process was 
then completed in a remarkably short 
time. 

Another interesting case occurred in 
connection with an accident to a trans- 
former, where a short length was burned 
out of several of the outside turns of one 
of the coils. No copper ribbon was avail- 
able to make repairs. The difficulty was 
overcome however, temporarily, by re- 
moving the outside damaged turn, and 
using it to piece out the other turns. The 
transformer was then operated satisfactor- 
ily, less one turn. 

First appearances often indicate a far 
more serious situation than really exists. 
In fact oftentimes the real trouble is so 
trifling that it is overlooked at the begin- 
ning of the investigation. One small Com- 
pany, operating a number of mono-cycle 
generators, had one of the machines burn 
out, and ordered a full set of armature 
windings, and an armature winder to in- 
stall them. On the installation of new 
coils the generator was started up, and 
operated satisfactorily with the exception 
that it would not run in parallel with the 
other generators in the station. As this 
machine had operated in parallel with the 
other machines for years, the customer 
assumed that the trouble was in the wind- 
ing. The armature winder was _ posi- 
tive that he had connected the machine 
properly, and it was found that the 
connections to the switchboard were 


correct. The customer became very much 
excited and telephoned in for a competent 
man to be sent at once, to locate the 
trouble. An investigation by the expert 
showed that everything about the gener- 
ator was all right. He then turned his 
attention to the engine and pulleys. He 
found that the pulley on this generator 
was slightly smaller than on the other 
machines. On calling this to the atten- 
tion of the customer, he admitted that 
while the generator was shut down wait- 
ing for repairs, he noticed that the pulley 
had a very shiny surface, and that he had 
put it in the lathe, and had a cut taken 
off, in order to make the belt stick to the 
pulley better. He was very much sur- 
prised to know that this would effect the 
operation of this machine in parallel with 
the others. 


FOR SALE—DISPLACED 


‘The following is an extract from a letter 
received at the Chicago Office of the Gen- 
eral Electric Company: 


“Enclosed, find a photograph (Fig. 1) 
of two carloads of engine and _ boilers, 


Pig. 1. Two Car Loads of Boilers and Engine, Replaced 
by G. E. Motor 


which were sent here for the ———————— 
Elevator Company. ‘They are for sale, 
having been displaced by 125 h.p. General 
Electric motor, the current for which is to 
be furnished for five years by the Okla- 
homa Gas & Electric Co. 
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The cost of material, as you see it 
on the cars, was $3465.00, besides which 
there is $2000.00 worth of materials for a 
power house which is not to be used, The 
cost of the motor installed, including belts, 
ete.. was $1775.00. 

Yours very truly, 
OKLAHOMA Gas & Exvectric Co." 


Fig. 2 shows the motor that has replaced 
these two carloads of “steam fittings.” 

emas . ‘ 

This is but one of the many grain and 
elevator plants that have found it ad- 
vantageous to employ electric drive in 
place of steam. One elevator concern has 
estimated the power used at 15 1/3 kw. 


Fig. 2. G. E.125h.p, Form M Induction Motor 


hours per thousand bushels of grain, which 
is equivalent to a tritle over 1 50 of a hip. 
per bushel, 

The induction motors built by the Gen- 
eral Electric Company are peculiarly 
adapted to work of this description, as in 
addition to materially reducing the cost by 
dispensing with the necessity for a power 
house, the services of an engineer and 
fireman, and the outlay for fuel: all spark- 
ing and risk of fire are eliminated. a mat- 
ter of serious consideration in buildings of 
this description where the air, being super- 
charged with dust, is liable to ignition or 
even explosion. 


ABSTRACTS OF IMPORTANT 
TECHNICAL ARTICLES 


Iiinetrated * 


The McCall Ferry Hydro-Electric Power Plant on the 
Susquehanna River 
(Engineering News, Sept. 12, ‘07, p. 267°*) 


An excellent description of the engineering 
features of the hydro-electric plant, now under 
construction near the town of McCall Ferry, Pa. 
The equipment will consist of ten pairs of Francis 
turbines mounted on vertical shafts, and driving 
730 kw. 94 rpam., 11,000 volt, 25 cyele General 
Electric generators, Two 1,000 hp. 240 rpm. 
25) volt turbine driven exciters will be used for 
field excitation, 


Oil Engine Driven Power Plant of the Pittsfield 


Electric Company 
s 
(Electrical World, Sept. 7. 07, p. 4ant) 


The new station ts to assist an old steam 
plant, and is equipped at present with one 350 kw.. 
O) evele, 2300 volt, two-phase Stanley alternator, 
Which is direct driven at 154 rpm. by two three- 
cylinder Diesel engines. A 15 kw., 900 r.pm., 120 
volt induction motor driven exciter furnishes ex- 
citation for the alternator field, 

At night the plant operates the street lighting 
circuits of Pittsfield, and the street and comter- 
cial lighting ciremts of Dalton. In the daytime 
i operates 4a synchronous motor generator set, 
which supplies direct-current at 300 volts to the 
net work of feeders in the business district of 
Matesteld, 


Gary Plant of the Indiana Steel Company 


(Railway Machinery, Sept,. 1907, ». 27) 


All auxiliary machinery of the rolling mill will 
fhe driven by electric motors. The mill will con- 
sume approximately 10.000 kw. to be obtained 
from blast furnace gas engimes, driving three- 
phase alternators, The principal machines, to- 
gether with the units for driving them, are as fol- 
lows: Breaking-down stands for reducing ingots 
to jair sized blooms, two 2250 h.p. motors: bloom- 
ing amill, 6000-9000 hp. motors: intermediate mill, 
two 4500 hop. motors; finishing mill, 2500 h.p. mo- 
tor, 


The Kaministiquia River Water Power Developments 


(Rleetrical World, Sept, 16, 07, p, 519") 
(See also Electrical World, Jan, 26. ‘OT. p. tv} 
{General Electric Review, March, 1907, p, 124) 


Additional information pertaining to the Kaka- 
beka Falls power house of the Kaministiquia 
Power Co. This power house has an initial in- 
stallation of 14.000 h.p. and an ultimate capacity 
of 40,000 h.p.. all machines and apparatus being of 
Canadian General Electric Co.’s make. 
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ELECTRIC DRIVE IN CEMENT PLANTS 
By W. C. DURANT 


It is safe to assert that there is no staple 
product of manufacture in the United 
States of which the output has inereased 
with such rapidity as Portland Cement, In 
IRXO, the country produced 42,000 barrels 


structed to meet the demand. The manu- 
facture of cement was enormously stimu- 
lated, until in 1906 the United States pro- 
duced 46,500,000 barrels—over 1000 times 
the output of twenty-six years ago, 


Fig. 1, 2-I-4-10-750-K-440 volt motors flexibly coupled to Buffalo blowers, used to force a mixture of 
air and coal dust into the slag and limestone dryers. Similar blowers are used for forcing 
powdered coal into the rotary kilns. The apparent fog around the right 
hand machine is due to the large amount of dust in the air 


of this commodity. In 1890, the output 
had grown to 335.000 barrels. At about 
that time the possibilities of reinforced 
concrete for building purposes began to be 
appreciated. New cement plants were con- 


The following curve illustrates graph- 
ically the steady and increasing gain in 
production from 1890 to 1906. As opposed 
to this gain, the output of natural cement 
has fallen off since 1899, and mills pro- 
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ducing this class of cement haye been 
forced cither to limit their output, or to 
install rotary kilns and manufacture Port- 
land. The third class of cement, called 


& 


& 
PCE REEL EE EEL E 


& 


_ 


Tt | | 
ry VS ES 98 


Fig.2. Curve showing production of Cement in the United 
States from 18%) to 1906 


Puzzolan, or slag. is showing a small but 
steady increase. ‘The production has in- 
creased from 280,000 barrels in’ LUO] to 
480,000 barrels in 1906, The total produe- 
tion of hydraulic cement in the United 
States in the last year was 51,000,000 bar- 
rels, YL per cent of which was [ortland. 
In spite of the astonishing growth of 
this industry, the demand is still unsatis- 
fed. Our exports—never very large— 
dropped from 900,000 barrels in 1905, to 
580,000 in 1906; amd the imports increased 
in the same time, from 850,000 to 2,200,000 
barrels, In view of the increasing number 
of building operations for which concrete 
is found to be peculiarly adapted, inelud- 
ing railroad, dock aml harbor work. office 
buildings, aqueducts, bridges, canals, tun- 
nels, factories, hotels, dwellings and many 
other constructions, there appears to be no 
probability of any diminution in the rate 


of growth of the cement business for many 
years. 


The Manufacture of Portland Cement 

The essential elements of Portland ce- 
ment are alumina, silica, and lime; which 
are ground finely, mixed in the right pro- 
portion, (approximately 89% AI,O,, 219% 
SiO, 62% CaO, and 9% impurities impos- 
sible to  climinate commercially), and 
roasted at about 2800 deg. F., when it is 
again ground. ‘There are many raw mate- 
rials in which the necessary ingredients are 
found. The right proportion is generally 
obtained by combining two materials, in 
one of which lime predominates, and in 
the other silica and alumina. ‘The materi- 
als used in this country are, 

}: Cement rock and limestone, 

2: Limestone and shale or clay, 

3: Marl and shale or clay, 

4+: last furnace slag and limestone, 

5: Caustic soda waste, and clay. 


Fig. 3. Induction Motor Covered with Thick Coating o 
Cement Showing Conditions of Operation 


Combination No, 3 is effected by what 
is called the wet process. Numbers 1, 2. 
4+ and 3 are combined in a dry state. Of 
these various combinations, numbers 1] and 
2 yreatly predominate: 51.4 per cent and 
33.6 per cent respectively of the entire out- 
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put of Portland Cement for 1906 was made 
by these two combinations. 

Limestone, cement rock and shale are 
usually quarried, while clay is dug from 
pits, and marl is dredged, often under 
water, In blasting the stone at the quarry, 
it is shattered as much as possible and the 
remaining large pieces are broken up by 
hand and conveyed in skips or cars to the 
crushers. These reduce it again to one 
to 2') inch cubes. This is then sent 
through driers until almost all of the mois- 
ture is evaporated. In order to produce a 
good grade of cement, a very intimate mix- 
ture must be made, and the material 
ground until 95 per cent will pass a 100 
mesh sieve before burning. The approved 
method is generally to introduce two sets 
of grinding machinery between the driers 
and the kilas, generally ball mills and tube 
mills. The two materials are ground sepa- 
rately to pass through a 20 mesh sieve in 
the first set of grinders—the ball mills— 
and then mixed and sent through the tube 
mills, The output of the tube mills is sent 
to the rotary kilns for burning. After 
gradually rolling down the length of the 
rotary kiln, the material is discharged as 
cement clinker, This hot clinker is cooled, 
and again ground to the desired fineness, 
after which it is conveyed to the stock 
house as finished cement. 

From the time the rock is fed into the 
crushers, it is not handled again until the 
cement is delivered by the weighing and 
packing machine into bags or barrels. All 
transportation from one machine to an- 
other, or to the storage bins, is accom- 
plished by means of conveyors, cither 
bucket, belt or screw. 


Advantage of Electric Drive for This Industry 


The manufacture of Portland cement has 
certain features which differentiate it com- 
mercially from almost any other industry. 
The raw materials underlie more than 20 
per cent of the entire area of the United 
States. Their initial cost is low, the cost 
of quarrying or dredging is slight, and. 
owing to the eager market, and more par- 
ticularly, to the widespread deposits of raw 
materials, no successful merger can be 
formed to regulate the selling price. The 
price of the finished cement is determined 
almost entirely by the actual cost of the 
different operations through which the 
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raw material passes. In the light of this 
fact, it is obvious that the most prosperous 
companies will be those that adopt, at the 
outset, the cheapest and most efficient 
means of operating the various machines 


necessary in cement manufacture, 

The advantage of individual clectric 
drive in machine shops and factories, in 
eliminating line shafting and adding to 
flexibility and economy, have now been 
almost universally demonstrated. These 
gencral advantages apply with equal 
weight to cement operations. There are, 


however, certain inherent requirements in 
the 


manufacture of cement which = com- 


Fig. 4. 12-1-18-100-166 2 3-K-440 volt motors driving raw material 
tube mills in Universal Portland Cement Co,, Plant No. 4. 
These motors are coupled through flexible couplings to 
the countershafts of the mills, This necessitates 
only one gear reduction, The concrete wall 
separating the motors from the mills secures 
an unusually clean motor room 


pletely establish the argument in favor of 
electric motors for this class of work, 

(1) Fourth of July and Christmas are 
the only holidays for the cement trade. For 
the rest of the year, twenty-four hours a 
day, and seven days in the week, the mill 
must be kept in continuous production, The 
shut down of any one machine, or the fail- 
ure of its driving power, must not affect 
the operation of any other machine. 

(2) The general layout of the plant, to 
be most ecmiomical, should be determined 
solely by the relative locations of the 
quarries, the storage bins, the best avail- 
able place for the machinery, and the space 
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available for future growth. ‘The direction 
and distance of the power transmission 
should not interfere with the most efficient 
layout. 

(3) In order to keep a check on the 
cost of manufacture, a continuous and ac- 
curate record should be available, showing 
the amount of power used in each of the 
different departments. 


(5) Above all, the prime mover must 
be adapted to severe service conditions. 
The cement machinery does not require 
much attention, and the driving machinery 
is not apt to get it. Almost all the em- 
ployees, except the burners, are unskilled 
workmen, If motors are installed, they 
must be of a rugged type to need little 
attention and to operate in an atmosphere 


Fig. 5. 1-6-40-500-K-440 volt vertical motors, belted to Fuller mills, Plant No. 4, Universal Portland 
Cement Co. There are eight of these driven altogether. The bearings on these motors 
have given entire satisfaction in spite of the dust and grit that naturally 
tend to produce excessive wear 


(4) Most of the machines used in ce- 
ment manufacture start under a_ heavy 
overload, and some are liable to short 
overloads during operation, ‘The driving 
unit must be designed to give its best eff- 
ciency at the load required in normal oper- 
ation, and yet have a large margin of over- 
load capacity which can be drawn upon 
at starting or when necessary. 


thick with stone and cement dust, 

A complete electrical installation, com- 
posed of two or more General Electric 
engine or turbo driven alternators, switeh- 
board, and the proper motor equipment, 
consisting of General Electric alternating 
current, form K induction motors, will 
successfully mect all of the above condi- 
tions. ; 
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(1) As long as the boilers produce 
steam, continuity of operation is assured. 
Both the motors and generators will run 
without shut down for any desired length 
of time. The individual electric motor 
drive allows for the independent shut down 
or starting of any one of the cement ma- 
chines, without affecting the eee of 
any other, 

(2) The location of the power. house 
need not be considered in Jaying out the 
plant. In case water power is available at 
some distance from the mill, the generating 
station may be located at the source of 
power and the electric power transmitted 
at high efficiency to the cement plant. No 
line shafts need be considered in designing 
the mill, and the machines may be placed 
wherever most convenient to feed or dis- 
charge. This results in a great saving of 
floor space and improvement in design. 

(3) The switchboard can be laid out to 
have a separate feeder circuit for each of 
the departments, with a recording watt- 
meter in each feeder, and an_ indicating 
ammeter on each of the motor panels. If 
the board is still further equipped with a 
recording wattmeter on each generator 
panel, a complete check on all power used 
is obtained. Any increase or loss in effi- 
ciency of any department can be instantly 
noted, and the cause ascertained. ‘This 
record will be found a great aid in work- 
ing towards higher total efficiency and in 
lowering the cost of production. 

(4) The form K motor, which we rec- 
ommend especially for this class of work, 
is given the normal running horsepower 
rating of the machine it drives. These mo- 
tors are supplied with high resistance ro- 
tors for producing a starting torque of 
twice normal torque if necessary. The 
rotor bars are bolted to the end rings in- 
stead of being soldered, which enables the 
motor to stand the heavy current required 
for starting. These motors will endure 
short overloads of 200 per cent to 300 per 
cent. They are exactly suited to the duty, 
running at highest efficiency under normal 
load, with a large margin of overload for 
starting, when required. 

(5) The first applications of electric 
drive to this manufacture were made before 
the merits of the alternating current for 
power were fully demonstrated. The Gen- 
eral Electric Co, has installed direct cur- 


rent equipments in a number of plants 
with great success, notably in the Edison 
Portland Cement Co. at Stewartsville, N. J. 
Among the electrical apparatus at this 
plant, are ten 25 h.p., slow speed, variable 
speed motors driving rotary kilns 150 feet 
long, the heaviest kilns in the world. Where 
it is possible for the mill designer to de- 
termine the character of the power to be 
used, however, the best practice is to in- 
stall alternating current of 25 or 60 cycles. 
Form K induction motors, operating on this 
current, are peculiarly adapted to the se- 


Fig.6. View taken at the further end of motor annex shown in 
Fiy, 5 showing 1-6-20-500-K-440 volt motor belted to 
a conveyor 


vere service outlined in paragraph No. 5 
above. There are no sliding contacts; no 
current carrying parts exposed to the air; 
absolutely nothing to be injured by the 
dust except the bearings, which are made 
dust proof by felt dust guards on each 
side, ‘The compensators for starting these 
motors are arranged with a latch, so that 
the operator cannot throw the motors di- 
rectly on the line until they start to run; 
once running, they can be left all day 
without attention. They are protected— 
and in turn protect the machinery—against 
excessive overloads, by fuses or circuit 
breakers on the starting panel. The re- 
volving part is nothing more than a num- 
ber of copper rods, parallel to and = sur- 
rounding the shaft, and embedded in an 
iron core, with their ends connected by 
rings at each end. Owing to the appear- 
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ance of this rotor, it is commonly known 
as the “squirrel cage” type. There is noth- 
ing more complicated about it than a piece 
of shafting revolving between journals. 
Dust cannot hurt these motors. It is 
almost impossible to damage them. It 
would be hard to find any driving machin- 
ery more nearly “fool proof.” 


Machines Used in Cement Manufacture 
Rock Crusiers. With the exception of 
the Giant Rolls installed by Thomas A. 


Fig. 7. 1-18-40-166 2,3-K-440 volt motors driving ball mills in the 
raw material mill, Universal Portland CementCo., Plant 
No.4. There are nine of these mills together. and very 
satisfactory results have been obtained by this type 
of slow speed drive, which eliminates one 
gear reduction 


Edison at the Edison Portland Cement Co,, 
the almost universal type of crusher is the 
gyratory. The Giant Rolls consist of four 
pairs of corrugated steel cylinders, arranged 
one under the other, each pair being sepa- 
rately belt driven. The largest pair is on 
top, the cylinders being about 5 feet in 
diameter, and from + to 6 inches apart. 
As these rolls will crush a solid 10 ton 
piece of rock, no hand breaking is_ re- 
quired, and the rock may be loaded into 
the skips at the quarry, directly after 
blasting. 

The gyratory type, which is used in al- 
most all cement mills employing the dry 
process, consists essentially of a vertical 


spindle, on the upper end of which is 
mounted a chilled iron crushing head that 
moves inside a hopper shaped top imto 
which the rock is fed. The bottom of the 
spindle passes loosely through an eccen- 
tric, driven from a horizontal shaft by 
bevel gears. The spindle, therefore, has a 
gyratory motion, and may or may not ro- 
tate on its own axis. «As the head, run- 
ning eccentrically, approaches and recedes 
from the sides of the hopper, the stone ts 
gradually crushed and falls down between 
the crushing surfaces. The stone must be 
broken by hand to a convenient size to 
feed into the hopper. <A crusher having 
a hopper about 40 inches in diameter and a 
crushing head about 20 inches will have a 
stroke of approximately 5, inch, 

The hp. necessary to drive, averages 
1.2 x tons crushed rock per hour; figuring 
on rock of moderate hardness. | crusher 
of this type is suitable for individual belt 
drive. Sometimes two or more crushers 
are belted to one motor, though this is not 
the best practice, as all crushers must be 
stopped when the motor is shut down. 
Gearing is not suitable for these machines, 
as the driving gear would be subject to a 
severe strain should the crusher become 
clogged with rock. : 

Batt Mints. ‘These mills take the out- 
put of the crushers or the rotary kilns and 
reduce it to a coarse grit, generally about 
No, 16 to No. 20 mesh. ‘The mill consists 
of a drum, having a diameter of about dou- 
ble its length, filled with steel balls. The 
drum revolyes on a horizontal axis, at a 
speed of from 21 to 27 revolutions per min- 
ute. The lining of the drum is made up 
of overlapping steel plates which form 
steps. As the drum revolves, the balls drop 
over the steps, pounding the material to 
pieces. This mill, with the balls it con- 
tains, is very heavy and takes almost dou- 
ble normal torque for starting. It is 
adapted for cither belting or gearing. In 
gearing to the mull, it is common practice 
to gear to the countershaft, making two 
gear reductions between the driving motor 
and the mill. When a low frequency alter- 
nating current is available, however, very 
good results are obtained by using a slow 
speed motor (about 166 rp.m.) and coup- 
ling directly to the countershaft, thus doing 
away with one gear reduction, The Gen- 
eral Electric Company has recently sup- 
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plied a number of 40 and 60 h.p. motors 
running at this speed, to the Universal 
Vortland Cement Co, for driving ball and 
tube mills. 

Kominuters. ‘These are modifications 
of the ball mills, having drums of the same 
diameter and of about twice the length and 
capacity of the ball mills. The other modi- 
fications apply to the method of discharge 
and do not affect the essential features. 

Tune Mitts. The tube mill consists of 
a evlinder 20 to 22 feet long and 5% to 5 
feet in diameter, filled with flint pebbles, 
generally imported from Europe. These 
mills take the output of the ball mills— 
cither raw material or clinker—and grind 
it to the desired fineness for burning or 
for finished cement. In their general feat- 
ures they are similar to the ball mills, and 
should be either belted or geared to a mo- 
tor having a high starting torque. 

Geaieetn) Mints. These mills are used 
for grinding clinker or rock to the required 
fineness for finished cement or for burning. 
When working on raw material, it is gen- 
erally necessary to crush the rock into 
fragments smaller than those used in feed- 
ing ball mills. ‘The mill is driven from a 
pulley at the top, revolving on a vertical 
axis. The power is transmitted to a ver- 
tieal shaft. which is hung from a universal 
joint inside the pulley and is free to move 
in any direction at the bottom. A crush- 
ing roll is rigidly conuneeted to the bottom 
of the shaft. 

When the pulley revolves, the crushing 
rell is thrown off center, and = revolves 
against a fixed ring or die with a centrifu- 
val foree of about 6000 Ibs. pressure. The 
grinding is done between these two. sur- 
faces, Two distinct actions on the ma- 
terial to be ground are obtained; the roll 
revolves against the die in the direction of 
the pulley, and this contact causes the roll 
and shaft to revolve around their own 
axis in an opposite direction, These mills 
are best adapted to belting, and may be 
driven from a yertical motor, or a_hori- 
zontal motor with a quarter turn belt. 

The Griffin mill is manufactured in two 
sizes, 30 inch and 36 inch, designated ac- 
cording to the diameter of the ring against 
which the crushing roll revolves, A new 
mill has also been brought out by the 
manufacturers, called a Three Roll Griffin 
mill. This is similar in its action to the 


standard mill, but, as the name implies, 
has three crushing rolls instead of one. 
Fuciter-Lenicu Minis. These are com- 
monly called Fuller mills. They are used 
on the same material as the Griffin. mill 
described above, and the grinding is done 
by four unattached chilled iron balls about 
9 inches in diameter, that are propelled by 
four equidistant horizontal arms or push- 


Fig. 8. 2-I-18-100-166 2 3-K-440 volt motors direct connected to 
countershatt of raw material tube mills through six arm 
flexible couplings, in Universal Portland Cement Co., 
Plant No. 4, These motors were started four months 
ago and have run continuously ever since 
without any shut down 


ers, radiating from a vertical central shaft. 
The orbit is a circular die against which 
the balls exert great pressure, since they 
weigh about 112 Ibs. each and revolve at 
about 210 rpm. ‘The main shaft is driven 
from a pulley mounted at the bottom, be- 
low the grinding level. 

This mill, like the Griffin, may be belted 
to a vertical motor, or to a horizontal mo- 
tor with a quarter turn belt. 

Kent Minis. ‘These mills will) grind 
clinker to the required fineness for finished 
cement, or they may be set to give a 
coarser output for use in connection with 
tube mills for further grinding. When used 
on raw material, they will grind to the 
required fineness for burning. ‘The output 
of an ordinary crusher is generally further 
reduced in size before feeding into the 
Kent Mill. 

The essential features of this mill con- 
sist of a ring revolving on a_ horizontal 
axis, with three rolls revolving inside, 
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pressed by springs against its inner sur- 
face. Centrifugal force carries the mate- 
rial to be ground in a layer about an inch 
thick around the inner face of the ring, 
where it passes between the ring and the 
rolls, 

These mills are driven from two pulleys, 
one at cach end, and are very well adapted 
to belting to a motor that has two pulleys 
and an outboard bearing. and which is pro- 
vided with a sliding base under the motor 
and outboard bearing so that the slack of 


lined with fire brick. The cylinder is sup- 
ported at a slight angle from the horizon- 
tal on two or more rolled steel tires, each 
of which revolves on four heavy cast stcel 
rollers mounted in pairs on a rocker. 

The fuel used is generally powdered 
coal, which is forced into the lower end of 
the kiln by compressed air, The flame 
passes through the entire length of the 
kiln and the gases are discharged into a 
stack at the upper end, The raw material 
is fed into the upper end of the kiln by 


Fig. 9. General Electric Induction Motor Frame and Armatures 


both belts can be taken up simultaneously, 
The Kent mill is also furnished with one 
pulley if desired. 

Rorary Kainns. ‘The raw material, prop- 
erly mixed, is fed into rotary kilns and 
burned. These kilns vary from 60 to 170 
feet in length. but it is doubtful if any 
future installation will) contain — kilns 
shorter than 100 fect. 

In its usual form, the kiln consists of a 
cylinder 6 to 8 fect in diameter, constructed 
of sheet steel 1/2 to 9/16 inches thick, 


a water jacketed screw conveyor, ani 
gradually rolls down the entire length, he- 
ing discharged at the lower end into a 
rotary clinker cooler, or directly into a 
bucket conveyor. 

The speed of the kiln varies from 44 to 
3 rnp.n. in the various sizes. In the 150 
it. kilms in the Edison Portland Cement 
Company's plant, the material takes about 
1% hours to pass through. Rotary kilns 
are driven by a circular rack situated gen- 
erally at the middle, and connected by a 
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train of gears either to a pulley to which 
the driving motor is belted, or to a pinion 
on the motor shaft. 

A rotary kiln is the only machine of any 
importance in a cement plant which re- 
quires two or more speeds. ‘The general 
practice is to use variable speed form M 
induction motors, with a drum controller 
and resistance, capable of operating con- 
tinuously at any speed between 4 and nor- 
mal. In a number of plants a constant 
speed, form K motor is used to drive the 
kiln line shaft, to which all the rotaries 
are connected. A clutch and gear shift is 
installed with each kiln, so that any one 
of the kilns can be connected or discon- 
nected independently of the others and 
operated at either of two fixed speeds. An- 
other method is to use constant speed mo- 
tors for driving, interposing a mechanical 
speed changer between the driving shaft 
and the kiln. 


MISCELLANEOUS. The machines de- 
scribed above perform the most important 
of the cement operations, In addition to 
these, however, there are numerous auxil- 
lary operations. Among the other ma- 
chines are the belt, bucket and screw con- 
veyors, fans, air compressors, coal crush- 
ers and pulverizers (a good many of the 
machines used in grinding cement are 
suitable for grinding coal), pumps, driers 
and rotary coolers. The driers and cool- 
ers are generally built on the same plan as 
the rotary kilms. All of these auxiliary 
machines are perfectly adapted to electric 
motor drive. 


The Power Station 


In the present stage of the cement in- 
dustry, it is doubtful if any new plant can 
be profitably operated with a capacity of 
less than 1500 barrels per day. Results 
obtained from a great many cement plants, 
indicate that the horsepower necessary to 
operate varies from 0.8 to 1.2 h.p. per bar- 
rel per day. For the smallest practicable 
plant, this would indicate about 1500 h.p. 
Unless electric power can be bought at an 
exceptionally low price, it will be found 
cheaper in the end to install a complete 
generating plant to furnish this power. Be- 
sides the factor of economy, this will elim- 
inate all chances of a shut down of the 
plant resulting from exterior causes, 


‘The load of a cement mill is steady, and 
its load factor high, sometimes above 
unity. For industrial conditions, when the 
load is steady and can be closely calcu- 
lated, it is a decided economy to install 
generators rated according to the maximum 
output. The General Electric Co. is pre- 
pared to furnish turbine units rated on this 
principle. For a 1500 barrel plant, 2 ATB 
750 kw. 1800 r.p.m. 440 volt 60 cycle turbo 
generators will be ample, and will be 
worked constantly at their highest  effi- 
ciency. These gencrators are a modifica- 
tion of the 500 kw. unit of the same rating, 
and sell at a small advance over the stand- 
ard 500 kw. price. They are designed es- 
pecially for the low power factor load 
caused by induction motors and will give 
the rated output continuously at 80 per 
cent power factor. 

The General Electric Company has lately 
equipped with turbo generators the Ford- 
wick Cement Company, the United States 
Portland Cement Company and the York 
Portland Cement Company. From Mr. 
Elbert Walker Shirk, the owner of the 
U. $. Portland Cement Company, the fol- 
lowing unsolicited statement has been re- 
ceived: 

“The 800 kw. turbine, now in operation, 
is giving splendid satisfaction, and there 
is no question in my mind but that this 
type of power equipment is far and away 
the best for cement mill practice. We have 
had absolutely no difficulty of any kind or 
description in starting, or operating this 
machine, and from our experience so far 
we are inclined to think that when once 
properly adjusted, the Curtis turbine will 
practically run without mechanical atten- 
tion indefinitely.” 

The best guarantee for any apparatus is 
a satished customer. There is probably no 
one in this country interested in the ce- 
ment, business who is not familiar with the 
chain of plants in the United States and 
Canada known as the “Cowham System”. 
These plants, which comprise the follow- 
ing, have been financed, installed and oper- 
ated by Mr. W. F. Cowham of Jackson, 
Mich., through the Cowham Engineering 
Company, of which he is President: 

Southern States Lortland Cement Co., 
Rockmart, Ga. 

Peninsular Portland Cement Co., Cement 
City, Mich, 
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Western States Portland Cement Co., 
Independence, Kan. 

Northwestern States Portland Cement 


Co., Mason City, Iowa, 

National Portland Cement Co., Durham, 
Ontario, 

International Portland Cement Co., Hull, 
Quebec. 

These plants have all been installed 
throughout with General Electric appara- 
tus, the Canadian plants being equipped 
through the Canadian General Electric 
Company. To the four plants in the United 
States only, the General Electric Company 
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has supplied over 10,000 h.p. in motors and 
over 8000 kw. in generators, besides 
switchboards and cable. Jn giving us 4 
list of this apparatus, Mr. W. J. Maytham, 
Chief Engineer of the Cowham Engineer- 
ing Company, says: 

“We have had excellent results with all 
the apparatus mentioned above, especially 
considering the extremely severe use to 
which it has been subjected. As you know, 
we run our mills 24 hours a day and seven 
days a week, and sometimes run a ma- 
chine weeks without stopping. We believe 
your apparatus to be the best obtainable.” 


TABLE OF HORSEPOWER, OUTPUT AND SPEED 


(For some of the figures contained in the following table, we are indebted to Mr. Richard K. Meade's 
treatise on Portland Cement.) 


Revs. Per Min. 


Output in Tons Per Hour 


Remarks 


Type Size H.P. to Pulley Main Hard |Cmt. |Marl, Clin 5 
Drive Palley Shaft | Lime. Rock Clay | ker Coal 
tiyratory Crusher * 5D 25-40 400-450 | 200 20-30 | 25-35 Vertical shaft, horizontal driving pulley 
Gyratory Crusher * | 6D 30-60 | 400-450 | 200 30-40 | 30-50 output passing Lin. sereen 
Ball Mill t i 40 | 125 21-28 aS 16 aig Horizontal; fed from crusher or kiln 
Ball Mill t 8 00 125 © oes at | BN 315-5 eet ete See 
Tube Mill t Sox 22’ 70-80 | 180 227 S40 46 IE) BF 2 Horizontal; fed from ball mill 
Tube Mill t 5% x20’ «80-90 | 180 21-27 46 58 | 10-15 $4 ot ie output passing No. 100 mesh 
Kominuter t No. 66 40-55 1-175 57 68 5-7 Similar to ball mill 
(iriffin Milt al 25-28 | 190-200 | 190-200 114-2 a 23) Ys? Vertical: fed 4° crush. rock or clinker 
Griffin Mill! 36° 30-35 | 135-150 135-150 95¢ output passing No. 100 mesh 
Griftin 3 Roll} ow Al 1s 130 45 54h 6 
Fuller Lehigh Mill t 30-80 210 210 $3% BY 21 Vertaal: reed eae output same as 
Kent Mill! 25-30 180220 189-220 4 gu4 a4 34 Horizontal; feed and output same as 
. Griffin mill 

1 H.P.t ; 

Type Length rh Revs, Per Min, Output in Barrels Per Day 
Rotary Kiln § & ft. 10-15 1.3 2) 
Rotary Kiln $§ 80 ft 10-15 13 00 
Rotary Kiln § 100 ft 15-20 12 el 
Rotary Kiln $ 140 ft 15-25 1-2 nse 
Kotary Kiln § 150 ft N25 1 70 
Rotary Kiln § 170 ft. 20 a | x0 


* Starts light when empty; overload torque at starting if hopper contains rock, 


(Sto 100 per cent. overload torque necessary for <tarting, 


7 Starts light. 
§ Starts with 59 te 7 per cent. overload torque, 


(,o0o0g1le 


THE INDUCTION MOTOR AS A PHASE CONVERTER 


By C. C. Barc ver 


Converting from one polyphase system 
to another having a different number of 
phases is a problem which can always be 
solved by the use of transformers, since 
in the original system there must be two 
components of electromotive force in 
quadrature, and by varying the values of 
these components a resultant of any de- 
sired phase can be obtained; but a single 
phase system cannot be converted into a 
polyphase system by such simple appara- 
tus, because the quadrature component 
must be supplied by some auxiliary means. 

Also since the energy flow is pulsating 
in a single phase and steady in a_poly- 
phase system, conversion from the former 
to the latter requires apparatus which can 
store energy while the single phase input 
exceeds the polyphase output, and give up 
this energy into the polyphase system dur- 
ing that part of the cycle when the input 
falls below the output. In phase splitting 
devices employing inductance or capacity, 
an electromotive force in quadrature with 
the impressed electromotive force is ob- 
tained from the reactive drop of the current 
flowing through an inductive winding, or 
into a condenser, as the case may be; and 
the necessary energy is stored as mag- 


FI, 
netic energy, ,in the core of the wind- 
EC 
ing, or as electrostatic energy,——. in the 
? 


dielectric of the condenser; but such de- 
vices are inefficient and costly and are 
used only for such intermittent work as 
starting single-phase motors. ‘The require- 
ments are more satisfactorily met by in- 
duction and synchronous motors, which, 
by means of their rotating magnetic fields, 
can supply the electromotive forces and 
currents displaced in phase from those of 
the primary system, and can receive kin- 
etic energy into their rotating parts and 
return this to the system as_ electrical 
energy when needed. Such machines are 
known as phase converters. 

The possible use of the induction motor 
as a phase converter depends upon the 


fact, that the magnetic conditions existing 
in the single phase induction motor when 
running near synchronism approach those 
of the polyphase motor; that is, the field 
of the single phase motor has two com- 
ponents approximately in quadrature as to 
time and space. So if a motor having a 
polyphase primary winding be run single 
phase, there will be induced in the “idle” 
windings electromotive forces which are 
dependent in phase upon the angular dis- 
placement of these windings from the 
primary phase; thus, a three phase motor 
when run single phase gives three phase 
clectromotive force at its terminals; a two 
phase motor, two phase electromotive force, 
ete, 

The induction motor when used in this 
manner presents an instance of double 
transformation, in which energy is_ first 
transformed from one primary phase of 
the motor to the secondary or armature, 
and from there transformed into the other 
primary windings, which are known as the 
tertiary windings. Since the induction 
motor has comparatively poor regulation 
as a transformer, duc to the unavoidable 
leakage of magnetic flux in the airgap, it 
is apparent that this double transforma- 
tion can be accomplished only at the cost 
of appreciable loss of voltage, so that the 
resulting polyphase system must neces- 
sarily be somewhat unsymmetrical; the 
inequality of the resulting voltages depend- 
ing on the self induction and resistance of 
the field and armature windings. 

Graphically the phenomena may be rep- 
resented as in Figure 1. Let , be the 
magnetic flux interlinked with both pri- 
mary and secondary, or rotor, circuits. 
Then FE,’ is the electromotive force induced 
in the primary, which must be overcome 
by an equal and opposite component of 
primary impressed electromotive force E,. 
The quadrature magnetic flux is repre- 
sented by @. nearly 90 degrees behind 
@,. and of somewhat lesser magnitude on 
account of the resistance and reactance of 
the rotor. The quadrature flux @, inter- 
links with the secondary and tertiary cir- 
cuits, inducing in the latter the electro- 
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motive force E,. ‘This electromotive force 
is impressed upon a circuit whose impe- 
dance is equal to the sum of the internal 
impedance of the winding and the im- 
pedance of the receiving circuit, and causes 


bine 


Fig. 1. 


a current T, to flow. The electromotive 
force consumed in forcing this current 
through the internal impedance is the re- 
sultant of the electromotive force I,R, re- 
quired to overcome the resistance, and 
which is in phase with the current, and 
the electromotive force I,X, required to 
overcome the reactance, and which leads 
the current by 00 degrees. The resultant 
internal drop 1,7, when subtracted from 
the induced electromotive force FE, gives 
K.’, the electromotive force at the ter- 
minals of the receiving circuit. 

The magnetomotive force required to 
produce the flux , is Im, which leads the 
flux by the angle «,the angle of hysteretic 
advance. The magnetomotive force of the 
tertiary winding is [,n,, n, being the num- 
ber of turns in the winding. ‘The magnet- 
omotive force of the secondary will be of 
such magnitude and phase that when com- 
bined with the tertiary magnetomotive 
force, the resultant will be 1,,: this is 
therefore represented by I’n”. The effect 
of this magnetomotive force on the primary 
is that of an equal magnetomotive force 


I’n’ 90 degrees ahead of I%n” in time and 
space. The phase of this magnetomotive 
force I’n’ has been determined from the 
standpoint of the machine acting as a 
generator; if, therefore, we reverse it, it 
will represent the magnetomotive force 
of the secondary as referred to the pri- 
mary, as an input or motor phase. So re- 
versing a second time to obtain the pri- 
mary balancing magnetomotive force, we 
have I’n’ as the component of primary 
magnetomotive force required to overcome 
that of the secondary. Iy is the magneto- 
motive force required to produce the main 
flux #,, therefore the total primary mag- 
netomotive force is In. Since as shown 
in the diagram, the tertiary magnetomotive 
force In, was drawn equal to I,, and since 
in all practical motors the number of turns 
in the tertiary equals the number in the 
primary, In=I, the primary current. The 
primary resistance and reactance must be 
overcome in forcing this current through 
the primary winding, and this requires the 
components of impressed electromotive 
force IR in phase with, and IX 90 degrees 
ahead of the current. Adding the resultant of 


, 


Fok 


Ya 


Fig. 2. 


these, IZ, to the electromotive force required 
to overcome the primary induced electro- 
motive force E,, we obtain I as the primary 
impressed electromotive force. The electro- 
motive forces of the quarter phase system 
are Ef’ and E”, in Figure 2, E’ being the 
reverse of E in Figure 1, since the latter 
was plotted when considering the machine 
as a motor. 

The phase converter is the equivalent in 
its electrical and magnetic quantities to a 
divided circuit represented diagramatically 
in Figure 3, where R, and X, are the pri- 
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mary resistance and reactance respectively. 
R, and X, the secondary resistance and re- 
actance and R, and X, the same quantities 
for the tertiary. Y, is the primary exciting 
admittance, Y, the quadrature exciting ad- 
mittance, and Y, the admittance of the re- 
ceiving circuit. Then if I,, 1, and 1, are 


Fig. 3. 


the currents in the respective branches, the 
total current input I is 1I,+1,41, added 
vectorially. 

Let E=voltage impressed on motor, E, = 
voltage across Y,, E, across Y, and EF, 
across Y,. 

Then, vectorially 

T=1,+1,+1, 
=E,Y,+E,Y,+ FY; 
E.=F,+1,2Z, 
E,=F,4 (1, +1,) Z, 
CzE, + (1,+1,4+I,) Z, (1) 

The value of the resultant voltages in 
the case of a three phase motor is made 
clearer by a further study of the vector 
diagram of the quantities involved. Let a 
voltage EK be impressed on the primary 


phase of such a phase converter (Fig. 4). 
Then a magnetizing current I will flow in 
the winding. The impedance drop due to 
this current is IZ, so the voltage induced 
in the winding is represented by EK’. Now 
the quadrature voltage is 90 degrees be- 


hind the induced voltage, therefore it is 
somewhat less than 90 degrees behind the 
impressed voltage, and the voltage triangle 
will be somewhat distorted, as shown in 
Figure 5, even with no load on the tertiary 
phases. Now as the machine is loaded the 
current | shifts more and more toward the 
induced voltage EK’, and this throws the 
impressed voltage ahead of EK. This is 
equivalent to increasing the angle a, and 
it is evident that at some value of the cur- 
rent, « will pass through 90 degrees, and 
the voltage triangle will be distorted in the 
opposite direction. If the load on the ma- 
chine be inductive, the current required to 
makew = 90 degrees will evidently be larger 
than that required if the load be non-in- 
ductive, and the opposite is true if a lead- 
ing current is taken from the machine. 
Moreover, in the case of large machines 
with small air gaps requiring relatively 


Fig. 5. 


small magnetizing currents, with a large 
angle of hysteretic advance, it is improb- 
able that the impressed voltage E would 
ever lag behind the induced voltage E’; so 
that the distortion of the voltage triangle 
would always be in the same direction, ex- 
cept when a large inductive load was drawn 
from the tertiary windings. In the case of 
most small machines, however, this change 
of direction of distortion is very likely to 
occur. 

The impedance of the tertiary phases re- 
sults in a further distortion of the electro- 
motive force triangle. Let the voltages in- 
duced in the tertiary windings and the 
voltages impressed on the primary be as 
shown in Figure 6; this will represent the 
no-load terminal voltage of the phase con- 
verter. As the machine is loaded up the 
reactance of the tertiary will cause the ter- 
minal voltage to lag behind E,’ and E,”, 
tending to assume the values and phase 
indicated by the dotted lines. Since, how- 
ever, the terminals of the two tertiary 
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phases are connected, and therefore at the 
same potential, the terminal voltages co- 
incide and give a resultant triangle as 
shown in Figure 7; where the dotted lines 
represent the no-load voltage of Figure 6. 
and the full lines the voltage with load 
on the machine. This unbalancing can be 
produced only by unequal division of the 


Fig. 6. 


current between the two phases, so that 
ina phase converter with load the current 
is unequally divided between the two ter- 
tiary phases. 

For the purpose of calculation, however, 
it can be assumed without introducing se- 
rious inaccuracy that the current divides 
equally between the two tertiary legs. Un- 
der these conditions the resultant impe- 
dance drop in the windings, due to the 
current flowing in the third line, is equal 
to the product of this current and half the 
impedance of one winding of the machine, 
since the current in one leg equals the cur- 
rent in the third line divided by the 3. 
and the drop in one leg must be multiplied 


a/ 3 


~ 


angles to the impressed primary voltage ; 


by to give the resultant drop at right 


at : ; , I 
that is, if T=current in third line, 9 = 


3 
current in each leg of winding, and 3 
fi 
. AE 
(impedance of one phase) sx °) =resultani 


17% 


~ 


quarterphase drop = 


This expression is slightly inaccurate 
since it assumes a balanced electromotive 
force triangle: ie, an angle of 120 degrees 
between the currents in the two legs: bit 
since the error is proportional to the co- 


sine of the angle of variation, and not to 
the angle itself, it is not of very great 
magnitude. 

Therefore, to calculate the resultant ter- 
minal voltages under varying conditions of 
load in the case of a three phase machine. 
we can proceed as indicated in equation 
(1). by using for Z, the primary impedance, 
2/3 the impedance of one phase of the 
winding, and for Z,, the tertiary impedance, 
1/3 the impedance of one coil; and in the 
case of a two phase motor, by using the 
actual impedanee of one phase for both 
Z, and Z,. The angle between the pri- 
mary impressed and the resultant dis- 
placed electromotive forces will be YO de 
grees -+ the angle between the primary im- 
pressed and primary induced electromotive 
forces+sin:' (tertiary reactive drop divided 
by resultant terminal electromotive forces}. 
the latter quantity being represented vee- 
torially by a line from the center of the 
primary impressed electromotive force, or 
base line, to the apex of the electromotive 
force triangle. In the three phase electro- 
motive foree triangle the actual quadra- 
ture voltage plotted must be the calculated 
quadrature voltage multiplied by .866, 

In the foregoing analysis the motor slip 
has been neglected, but its effect on the 
results is insignificant, as in any practical 
case it is very small. It acts to reduce the 
effective quadrature electromotive force in 


Fig. 7. 


proportion to the cosine of the slip, ex- 
pressed in electrical degrees: and even for 
a slip of one tenth, this would only reduce 
the voltage by about one per cent, The 
slip Gf a phase converter is not dependent 
directly on the power output, but upon 
the power factor as well, as the slip is 
proportional to the current in the rotor, 
Thus for small outputs at low power fac- 
tors, the slip may be as large as for high 
outputs at high power factors, since the 
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copper loss in the rotor may be as high 
in the first case as in the second. 

The phase converter does not “fall out 
of step” as an induction motor does, when 
it passes beyond its point of maximum 
torque, but it has the same power char- 
acteristics as other induction machines, 
limiting it to a definite maximum output. 
However, when running from a_ single- 
phase system of large capacity, this limit 
to the output of the phase converter does 
not limit the input to the receiving sys- 
tem, as after the maximum output of the 
converter is exceeded, the apparatus run- 
ning from it will merely draw more heav- 
ily upon the single-phase supply system, 
and continue running, although under con- 
ditions of greatly distorted impressed elec- 
tromotive force. 

The curve Figure 8 shows the re- 
sults of the above calculations applied to 
a 600 h.p. 1150 volt quarter phase motor 
run as a phase converter, and gives a good 
idea of what can be expected from com- 
mercial induction motors used in this way. 
It will be seen that with the machine run- 
ning light (no load on the polyphase sys- 
tem), the tertiary electromotive force is 
about 92 per cent of the primary, and that 
with 200 amperes output, representing 
about 400 kilowatts input to the polyphase 
receiving circuit, the tertiary voltage has 
fallen to about 87 per cent of the primary. 


With 200 amperes output at 70 per cent 
power factor, the regulation is, of course, 
somewhat worse, the tertiary voltage hav- 
ing fallen to about 78 per cent of the pri- 
mary. The motor upon which these re- 
sults were obtained was above the average 
in size, and on small machines such good 
results cannot be expected; in the case of 
a 50 h.p. motor operating as a phase con- 
verter, with the polyphase system drawing 


about the rated power of the motor, the 
tertiary electromotive force would be about 
80 per cent of the primary electromotive 
force at unity power factor, and about 60 
per cent of the primary electromotive force 
at 70 per cent power factor. 

The practical uses of the induction phase 
converter are necessarily limited on ac- 
count of this voltage distortion, and in 


Fig. 9. 


fact, it is littke more than an emergency 
machine. In case of an urgent demand for 
machinery to supply power to three phase 
motors from single phase mains, it offers 
the cheapest and most easily available 
solution of the problem, and in case a 
permanent installation is desired, will serve 
the purpose very well while the requisite 
motor-generators are being manufactured. 

In installations of several single phase 
motors it has also been proposed to elimi- 
nate the use of phase splitting devices for 
all motors except one, by starting this one 
with the usual resistance-reactance phase 
splitter and then utilizing it as a phase 
converter for starting the rest of the motors 
as polyphase machines. One interesting 
and important feature of such a system 
has, however, been generally overlooked. 
If, after being started from the first motor, 
the others are left connected to it so that 
all are running in multiple from the single 
phase mains, and also have their third ter- 
minal connectel, as in Fig. 9, both the 
continuous and maximum capacity of the 
motors will be materially increased, pro- 
vided the motors are not all loaded at the 
same time. If part are heavily loaded and 
the rest are running light or underloaded, 
the latter will supply power to the loaded 
machines, enabling them to run as_ poly- 
phase instead of single phase motors. Such 
a connection allows the use of smaller mo- 
tors than would be necessary for handling 
the load peaks if the straight single phase 
system were used. 
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THE ELECTRIC DRIVING OF JOB AND FLAT BED 
. PRINTING PRESSES 


By H. B. Emerson 


The electric driving of printing machin- 
ery has advanced to such at art at the 
present day that all up to date publishers 
and job houses look upon the electric motor 
as indispensable in their business. By its 
use the power can be applied just where 


Pig. 1, Gordon Job Press driven by 1.4 h.p. motor. 
Controller on front of Press 


it is needed, and one, two, or any number 
of presses can be run without in any way 
affecting the rest of the equipment. Each 
press with its motor and controller is a 
unit, and consumes power only when doing 
duty. An operator can start. run his press 
at any desired speed, or stop, with thought 
only of the job on which he is working. 
There are no squeaking belts to distract 
his attention, and no countershafts and 
belting to obstruct his light. ‘The press is 
under his complete control, and when run- 
ning, should necessity require, he can 
bring it to a full stop by simply pressing 
any one of a number of push buttons 
placed about the press. 

Printers at first were slow to adopt the 
electric drive, but after a few had found 
that the many essentials necessary for 
economical operation could he better sup- 
plied by the electric drive than by any 
other motive power, and the conditions con- 


ducive to fine work in the press-room bet- 
ter met, it did not take the others long to 
follow their example. 

The electrical engineer, however, became 
aware that his standard motors were not 
exactly suited to the requirements of this 
class of business, and after studying the 
subject, he found that to equip a job or 
flat bed press most economically the motor 
and controller had to meet the following 
requirements: 

First:—The motor had to be of as small 
dimensions as possible, so that it could 
be placed under the press and not occupy 
valuable floor space. 

Second :—It had to be capable of some 
speed variation, in order that the press 
coukl be run at the most suitable speed 
for the various work brought to it. That 
is, if the work in hand was some fine mag- 
azine with cuts or colors, the speed had to 
be much slower than when turning out 
some cheap flier or publication, 

Third:—This variation had to be ob- 
tained by other than armature control, as 
such control was costly on account of the 


Fig. 2, Rotary Job Press driven by 2h.p. motor 


waste of power in resistance, and as the 
speed was not entirely constant, due to 
variations in torque at different positions 
of the bed, 
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Fourth:—The motor could not be geared 
on account of the liability to disalign the 
press. 

Fifth:—The controller must be substan- 
tial but of such form that it could be easily 
fastened to the frame of the press within 
easy reach of the operator. 

Realizing that the above requirements 
were of vital importance to the printer, 
the more progressive clectrical manufac- 
turers immediately designed motors spe- 
cifically for this work. They were made 
compact and rugged, of especially small 


and motor pulleys, necessitated by placing 
the motors under the presses. 

Such equipments are now almost univer- 
sally used for this class of work, and al- 
though there are various types, makes, anid 
sizes of presses, with slight modifications 
the type of motor above described may be 
used with each. 

Since this line of motors has been 
brought out, however, some of the press 
manufacturers, seeing that the speeds of 
their pulley shafts were very slow, have 
increased the ratio between the pulley and 


Fig, 3, Flat Bed Press with Automatic Feeder; driven by 3 h.p. motor. 
Controller on left of Pressman’s position 


diameters, and capable of a variation in 
speed of from sixty to one hundred per 
cent. The changes in speed were obtained 
by weakening or strengthening the shunt 
field, and by this method of yariation the 
eficiency of the motors was altered only 
two or three per cent throughout the full 
range of speed. The motors were fur- 
nished for belt connection, and were sup- 
plied with a ounique belt tightening 
idler, which gave flexibility to the drive, 
and also compensated for any stretch in 
the belt, as well as for the shortness of the 
distance between the centers of the press 


impression shafts; and by so doing, have 
inereased the speed of the pulley shaft and 
reduced the liability of shock to the train 
of working gearing. On such presses there 
is less need for a flexible belt tightening 
idler. 

The smaller or job presses are of two 
distinct classes, namely: “Gordons”, and 
Kotary Job presses. The Gordons require 
motors of one-quarter to one horsepower 
capacity to drive them, and Figure 1 shows 
the usual method of drive. The motor is 
placed on the floor directly in the rear of 
the press, and is connected by belt to the 
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main driving pulley, a belt tightener at- 
tachment being employed to compensate for 


These presses are built in various sizes 
and require motors of from two to ten 


Fig. 4. Flat Bed Press Motor Side 


the short centers and small sizes of pul- 
leys used. 


The Rotary presses, of which Figure 2 
illustrates two sizes, require motors of 
from one-half to five horsepower capacity 
to drive them. The presses shown in this 
figure are equipped with motors placed 
beneath the receiving board, and as these 
particular presses are furnished by the 
manufacturers with mechanical means of 
speed variation, standard constant speed 
motors are used, 

Figures 3 and 4 illustrate a flat bed 
press and show the usual method of mak- 
ing the motor and controller attachments. 
This press, however, is one of the newer 
types in which the speeds of the pulley 
and impression shafts are in the ratio of 
twelve to one; the normal pulley shaft 
speed being three hundred and fifty revo- 
lutions per minute. The motor is placed 
beneath the platen and between the webs 
of the frame of the press. The controller 
is fastened to the frame of the press just 
above the operator’s platform near the 
feed board, so that the operator does not 
have to leave his position to start, stop 
or otherwise control the press. 


horsepower capacity to drive them. 
Besides the presses, all auxiliary machin- 


Fig. 5. Lanston monotype machine operated by a one’ 
half horsepower motor mounted on the side of the 
base of the machine and connected tothe 
main shaft by belt 


. - 
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Fig. 6 Punching Machine, driven by one-half Fig. & Paging and numbering machine operated by a one 
horsepower motor cighth horsepower motor. This motor is stopped and 
started by means of the snap switch shown 
at the side of the machine head 


Fe 2 Thirty-eight inch paper cutter, driven by a standard Fig 9% Perforator driven by a one-half horsepower motor, 
compound wound motor, the controller being the controller being situated directly beneath 
situated directly beneath the the feed board 


feed board 
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ery in a printing house may be driven 
electrically, and Figures 5 to 13, inclusive, 
are good illustrations of how motors and 
controllers are attached to machines of 
this class. In addition to the machines 
shown, there are many others that may be 
used in plants of this kind, but none that 
cannot be readily operated with an electric 
motor, 

The General Electric Company was one 
of the first electrical manufacturers to real- 
ize the needs of the printer and to meet 
his demands. 

They originally used their CE type of 
motor with a drum controller for this 


of the flat dial type, and is provided with 
all of the latest safety devices. With this 
controller the press can be started, run at 
any speed between the maximum and mini- 
mum impressions for which it was de- 
signed, or at a constant slow speed for 
making ready or limbering up. 

They are so constructed that all arcing 
is taken care of on renewable segments 
having powerful blow out magnets, and 
both starting and regulation Is accom- 
plished with a single handle. 

The General Electric Company has also 
seen the need of an alternating current mo- 
tor having proper characteristics for this 


Fig. 10. Dexter folder driven by a 1 h.p. motor with the control placed beneath the feed 
board in front of the operator 


work, but later designed a new motor that 
was much more compact and of consider- 
ably smaller diameter for a given horse- 
power. These motors they call their type 
CR, and build them in capacities of from 
one and one-half to ten horsepower, They 
can be furnished in cither slow or moder- 
ate speeds—as required by the shaft speed 
of the press to be equipped—and are ca- 
pable of giving either sixty or one hundred 
per cent speed variation. ‘They can also 
be furnished cither with or without the 
belt tightener attachment, 

The controller furnished with the above 
type of motor is of compact design, being 


class of service, and has designed motors 
for use on three-phase circuits of standard 
potentials and periodicities. It has been 
the general impression that the alternating 
current could not be used in this class of 
service where individual motors were re- 
quired, except for those cases where a con- 
stant speed motor could be employed. Sev- 
cral such installations have been made, 
however, and the following letter recently 
received speaks for itself:— 

“Gentlemen :—When you suggested that 
we could successfully operate a_ variable 
speed motor on an alternating current, we 
were a little skeptical—as you will remem- 
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Fig. 11. Ruling machine operated by a one-eighth horsepower, back geared motor, the controlling 
theostat being placed_on the side of the machine near where the operator stands 


Fig. 12. Row of Gordon Job Presses driven by Individual Motors 
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ber—but as events have proved, our fears 


were groundless. It is now about three 
months since you installed the two 5 hp. 


Fig. 13. Wire stitcher operated by a one-eighth horse- 
power motor. This motor is started and stopped 
by means of a snap switch in a similar 
manner to the one driving the 
numbering machine 


variable speed motors and controllers, fur- 
nished by the General Electric Company, 
and never for a moment have we experi- 
enced any trouble or delay by reason of 
their failure to work perfectly, We are 
using them on our number 4 and number 
(0 Miehle job presses, and can secure ab- 
solutely any speed we may desire to run 
them. 

It is a great source of satisfaction to us, 
and we are positive that we have an ideal 
power equipment for high-grade press 
work. 

We are using, altogether, eight of the 
General Electric motors for individual 
drives, and believe that we have made no 
mistake in our power arrangement.” 

This is but one of several such letters 
received, and it is the belief of the writer 
that in the future the induction motor will 
play an important part in printing houses 
employing job and tlat bed presses. 


ELECTRIC SWITCHING LOCOMO- 
TIVE FOR BUSH TERMINAL 
COMPANY 


The Bush Terminal Company employs 
for switching purposes, around its exten- 
sive docks and warehouses in South Brook- 
lyn, a number of steam locomotives, and 
one electric locomotive. This latter was 
built by the General Electric Company 
about three years ago, and has given such 
satisfaction in the way of tonnage capa- 
city, ease of control, and low cost of main- 
tenance, that the Company has recently 
given an order for a second, 

The new machine has just been jointly 
completed by the General Electric Com- 
pany and American Locomotive Company, 


Fig. 1. End View of Switching Locomotive for 
Bush Terminal Co. 


aml the twe illustrations presented in this 
article show some features of the locomo- 
tive that are worthy of comment, 

While the truck is of a bar frame equalized 
design, the construction adopted differs 
from that ordinarily used on electric motor 
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trucks, and follows, rather, a type which 
has been used with a good deal of success 
for the tender and guiding trucks of steam 
locomotives. The bolsters are carried 
rigidly on the side frame, and the weight 
of the frame and bolster is transmitted to 
the equalizers through one semielliptic 
spring on each side, instead of through 
bolster springs and helical side springs, as 
in the customary construction in the so- 
called M.C.L. equalized truck. This’ pro- 
duces a simple, substantial form of truck, 
suitable for locomotive duty, and having a 
low cost of maintenance in such service. 
The driving axles are 6 inches in diame- 
ter, and are made of forged steel, and have 


The locomotive is equipped for both 
straight and automatic air, and == in 
the center of the main cab is a 
CP-23 air compressor having a capacity 
of 50 cubic fect per minute and supplying 
air for the brakes. In the operating en- 
gineer's corner is located a C-O master 
controller together with the valves and 
handles for operating the combined straight 
and automatic air. In the end cabs are 
located a sand box, air drum, contactors 
and rheostats. As the locomotive ts to be 
used solely for switching service, It Is sup- 
plied with a pantagraph trolley instead of 
the ordinary wheel trolley; thereby obvi- 
ating the frequent reversal of the trolley 


Fig. 2. Side View of Switching Locomotive for Bush Terminal Co. 


36 inch fused steel tired wheels. Each 
truck is equipped with two GE-55-A (90- 
hip.) two turn motors, with a gear ratio 
of 32.21. With this gearing, these motors 
will give at their one hour rating, a tract- 
ive effort of 3000 Ibs. per motor, or 12000 
Ibs. per locomotive, at a speed of approxi- 
mately 18 miles an hour. 

The cab is built of sheet steel, supported 
by a frame work of small angles. It con® 
sists of a main operating cab, and sloping 
end cab, with narrow side platforms ex- 
tending from the main cab to the ends of 
the locomotive. The floor of the locomo- 
tive is 34 inch sheet steel, but the floor of 
the main operating cab is covered with a 
34 inch wood covering, 


which would be otherwise necessary in 
such service, 

The locomotive is equipped with bell, 
whistle and headlights. The headlights are 
supplied with 32 e.p. incandescent lamps, 
and gauge lamps for illumination of the 
instruments are wired on the headlight 
circuit and controlled with the same 
switches. 

The principal dimensions of the locome- 
tive are as follows :-— 

Length over bumpers. .20 ft. 


Height over cab....... 1] ft. in. 
Length of rigil wheel 

BASE, SSUsa wees ORS 6 ft. 6in. 
Track waupgeuess cacsuies 4 ft, 8". in, 
Weight on drivers..... SOQOO Ls. 
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MERCURY ARC RECTIFIER AUTO- 
MOBILE GARAGE OUTFIT 
By R. E. Russet. 

In most electric automobile garages hav- 
ing a capacity for charging two or more 
batteries at one time, the charging is done 
directly from either direct current feeders, 
or through an A.C.D.C. motor-generator 
set, from alternating current feeders. The 
general connections are similar to those 
shown in Fig. 1, either with or without the 
motor-generator. ‘There is a small num- 


tor-generator set having an approximate ef- 
ficiency of 75 per cent, the efficiency of the 
system will average about 44 per cent. 


The General Electric Company has re- 
cently designed and built a new type of 
charging outfit for use on alternating cur- 
rent circuits which is known as the Cata- 
log No. 46929, Mercury Arc Rectifier Au- 
tomobile Garage Outfit. This outfit, which 
is shown in Figure 2, consists of a two- 
panel dull black slate switchboard with 
necessary compensating and regulating re- 


Three pase Lies 


No. 1 No. 2 No. 3 

No. Cells 44 40 30 
Volts Av. 101 92 69 
Amps, Av. 20 20 20 
Watts Used 2020 1840 1380 
. Lost 180 360 820 
Total 2200 2200 2200 

% Eff. 92% 84% 63% 


TOTALS 
No. 4 No. 5 No. 6 

24 16 12 166 

55 37 28 

20 20 20 120 
1100 740 560 7640 
1100 140) 1640 5560 
2200 2200 2200 13200 
50% 34% 25% 58% 


Fig. 1. Diagram of Connections and Table for Charging Group of Batteries from Motor Generator 


ber of garages using single circuit rectifier 
outfits, one for each battery to be charged, 
but while this method is very satisfactory 
and highly efficient, the cost of the original 
installation is rather more than most gar- 
ages care to invest for this purpose. 
Referring again to Fig. 1, let us assume 
that six batteries are to be charged from 
the 110 volt busses, and that the number 
of cells in the various batteries is as fol- 
lows: No. 1, 44; No. 2, 40; No. 3, 30; 
No. 4, 24; No. 5, 16; No. 6, 12. The tabu- 
lation in Fig. 1 shows the actual watts de- 
livered to the battery, the watts loss in 
the rheostats and the efficiency of cach 
circuit, neglecting the loss in the motor- 
generator set. It will be seen from the last 
column that the efficiency of the complete 
system, exclusive of the motor-generator 
set, will be about 58 per cent; with a mo- 


actances, equalizing rheostats, rectifier 
tubes, and switches, all mounted with a 
view to obtaining the most compact and 
convenient equipment possible. The left 
hand panel of the switchboard is very 
similar to the standard rectifier outfit 
which has become familiar, and so it need 
not be described in detail. An additional 
feature on this panel is a triple throw trans- 
fer switch, by which the various A.C. 
voltages required in the operation of the 


outfit may be applied to the tube. The 


right hand, or charging circuit panel, is 
equipped with six triple pole double throw 
switches, and two 60 ampere ammeters: 
and also a six point voltmeter switch for 
reading the voltages of the various bat- 
teries being charged. 

The scheme of connections of the charg- 
ing circuits is outlined in Fig. 3. The rec- 
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tifier, when charging a group of batteries 
similar to that shown in Fig. 1, would sup- 
ply the busses with an average of about 
193 volts D. C. It will be noted from Fig. 
3 that the six batteries are arranged in two 
circuits of three batteries each, the bat- 
teries being so divided between the two 
circuits as to make as nearly as possible 
an equal number of cells in each. The 
table just below the diagram gives the cor- 
responding losses and_ efficiencies when 
charging with these connections. It will 
be noted from this table that the average 
efficiency in the charging circuits alone, 
neglecting the losses in the rectifier and 
the very small losses in wiring, etc., is 
99 per cent. As the efficiency of the rec- 
tifier when delivering 193 volts D, C. is 
about 84 per cent, the total combined effi- 
ciency of the complete charging equipment 
would be about 82.5 per cent. 

Referring to the table in Fig. 1, it will 
be seen that the total watts used in the 


Fig. 2. Mercury Are Rectifier Automobile Garage Outfit 
charging circuits is 13200. At 75 per cent 
efficiency this would mean an input to the 
motor-generator set of about 17.6 kilowatts. 
As only 7,720 watts are required in the 
charging circuits from the rectifier, the total 
kilowatt input at 8+ per cent efficiency 
would be 9.2, It will be seen from this 


that the saving in power is considerable 
when using the rectifier. Of course, a part 
of this saving in the cost of power would 
have to be used for buying renewal tubes 


44 Cells = 
24 Cells = 
/6 Cells = 


CIRCUIT TOTALS 


No, 1 No, 2 
No. Cells 84 &2 166 
Volts Avg. 193 189 
Amps. Avg. 20 20 40 
Watts Used RH) 3780 7640) 
ied Lost 0 80 RD 
“Total 3860) 3860 7720 
™ ER. 100 08" -6 99% 


Fig, 3, Diagram of Connections and Table for Charging 
Circuits for Automobile Garage Outfit 


for the rectifier, but even considering this 
additional expense, the saving in power 
should figure out at least 20 or 25 per cent. 

While some garage managers might con- 
sider the combination of cells as charged 
under the above conditions an extremely 
unfavorable case, it should be borne in 
mind that batteries of the various numbers 
of cells mentioned are furnished by rep- 
resentative electric vehicle manufacturers 
for use in their “electrics”. Nor is it pos- 
sible for a charging garage to control the 
conditions most favorable to its charging 
plant; for example, garages are frequently 
called upon to charge a single battery of 
a large number of cells, such as a 40 cell 
battery; and a large number of batteries 
with a smaller number of cells, say, five 
24 cell batteries. When charging such a 
group of batteries from a 110 volt D. C. 
circuit, the efficiency would be about 44 
per cent. When it is necessary to include 
a motor-generator set the efficiency would 
be approximately the same, while with the 
rectifier the efficiency would be as high as 
75 per cent. 

The tabulation of efficiencies, when 
charging various sizes of batteries, is given 
below. For the sake of comparison, the 
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charging rate on all batteries is taken as. 20 
amperes and the average volts per cell as 
2.3. Was. some batteries are designed 
for a heavier charging rate than 20 am- 


Campensating Reactor’ 
Sotted price See to oe 
made by antemrer 
=e 


Fig. 4. Complete Diagram of Connections of Mercury 
Are Rectifier Automobile Garage Outht 


peres, the average battery can be efficiently 
and cconomically charged at this rate, al- 
though the time of charging may be some- 
what longer: 

There are, of course, almost innumerable 
combinations of batteries possible, but the 
above will give a general basis for com- 
parisons between the various methods of 
charging. 

Fig. 4+ shows the connections of the 
whole Rectifier Garage Outfit. It will be 
noted from this diagram that when a bat- 
tery is connected to the terminals of each 
of the triple pole switches marked + and -, 


BATTERY 
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and the switches thrown in the lower clip, 
the batteries are connected in two series 
groups similar to Fig. 3. If a large number 
of 12 cell batteries are to be charged at one 
time, the two groups may be thrown in 
series by simply reversing the position of 
a double pole double throw switch on the 
left hand panel. However, for practically 
all garage charging the circuits will be 
connected in series multiple. 

In each of the two charging circuits a 
standard battery charging rheostat is con- 
nected. This rheostat is for equalizing the 
load between the two circuits. In order 
to use as little of the resistance as possible 
the number of cells of battery in the two 
circuits should be arranged to be equal. 
if possible, and if not equal, as nearly so as 
practical. When it is desired to cut out a 
battery for any reason the switch to which 
the battery is connected should be opened. 
a sufficient amount of the charging rheostat 
cut in and the switch thrown into the 
upper clip. This cuts out the battery, but 
the series circuit is not broken and the 
charging of the remaining batteries will be 
resumed. 

The switches have been arranged with 
the idea of making them as “fool proof” 
as possible. It is impossible, with the ar- 
rangement of connections, to short circuit 
the rectifier tube by throwing all the 
switches in the upper clip; one battery at 
least must be connected in the circuit be- 
fore current will flow through the tube. 

The Rectifier Garage Outfit should be 
supplied with alternating current of 220. 
330, and 440 volts. By applying these vari- 
ous voltages a wide variation of direct 
current voltage can be obtained, and from 
a single 14-cell battery to six 30-cell bat- 
teries may be charged at one time. 

A large number of these outfits have al- 
ready been sold and are apparently giving 
excellent satisfaction. 


EFFICIENCIES 


NUMBEK CELLS PER WITH pp, Cc, WITH WITH RECTIFIER 
NATTERIES, BATTERY, SUPPLY Ho Vv. M. G. SET. GARAGE OUTFIT 
5 24 44% 44% 75% 
1 rm 
: SRY 59% s4u% 
4 4) 64% 5% 84% 
2 12 
6 24 50% 34% 84% 
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SMALL TURBINES 
By R. H. Rice 


The first small Curtis turbines produced 
by the General Electric Company were 
constructed and installed some four years 
ago. These first units, which were de- 
signed for 160 lbs. steam and 80 yolts, 
had a capacity of 15 kw, and were used for 
train lighting. ‘They were of the square 
type, so-called on account of the cross sec- 
tion of the generator frame, and were 
originally placed on pilots of locomotives, 


moisture or dust can gain access to the 
commutator or windings. 

Service in cars or on top of locomotive 
boilers is perhaps the most severe to which 
turbine sets can be put. In the latter 


case where the machine is exposed to all 
conditions of the weather and can neces- 
sarily receive no care or attention while 
enroute, the performance of these sets has 
been most gratifying. 


In either location, 


Fig. 1. 20 kw. Curtis Turbine Set—Locomotive Type 


a location extremely exposed to dust, cin- 
ders, rain, and extremes of temperature. 
In order to avoid any possible detriment 
from this exposure, these sets were re- 
moved later to the baggage car, where they 
gave very satisfactory service. 

The present machines of this size, “round 
type”, embody the results of all the ex- 
perience gained with the old type, and are 
designed both for installation in baggage 
cars and for mounting on the top of the 
locomotive boilers. In this latter type the 
generator is so perfectly enclosed that no 


the turbine forms the ideal prime mover, 
occupying a minimum of space ,and requir- 
ing only infrequent and limited attendance. 
In comparison with engine sets, the latter 
take up much valuable room, are much 
heavier, require more attention from higher 
grade operators, and cause disagreeable 
vibrations in the passenger cars, a disad- 
vantage from which the turbine sets are 
entirely free. 

A particularly inviting field presents 
itself in the use of these sets mounted on 
the locomotive boiler, for use in lighting 
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suburban trains; in which case the tur- 
bine is used without battery or other com- 
plicated and expensive apparatus, and the 
necessity for the employment of a flex- 
ible steam coupling is entirely eliminated, 
A number of sets are being installed in 
this way, and this use is undoubtedly des- 
tined to increase in popularity as its sim- 
plicity and reliability become demonstrated. 

Beginning with these train lighting sets, 
many sizes have been developed, all of 
the horizontal type, up to 300 kw. These 
machines have until recently been of the 
direct current type, and for voltages vary- 


more perfectly than is necessary in case of 
slower running machines, on account of 
the increased liability to mechanical spark- 
ing present at high speeds. As might be 
expected, however, commutators construct- 
ed to meet these conditions are more rigid 
and more perfect than those made in the 
old way; they possess greater wearing 
depth and are therefore capable of longer 
life. 

The construction of the turbine and of 
these sets has been so planned as to obtain 
the greatest possible simplicity. Naturally, 
there are differences in design in machines 


Fig. 2. Type CC 4 pole 100 kw. 2400 r.p.m, 125 Volt Curtis Steam Turbine 


ing from 80 to 250. All the generators are 
connected to the turbines directly without 
gearing and consequently run at turbine 
speeds. The Curtis principle renders this 
possible, and permits the attainment of 
excellent results with great simplicity of 
mechanism. In order, however, to attain 
good operation at turbine specds, special 
methods of commutator construction had 
to be devised which would be capable of 
maintaining the commutator bars in abso- 
lutely fixed relationship against the influ- 
ence of considerable centrifugal forces. tn 
fact, this relationship has to be maintained 


Varying as widely in capacity as 300 kw. 
and 13 kw. In the larger unit cconomy 
in the use of steam is perhaps the most 
important consideration; while in the 
smaller one simplicity and small bulk are 
the prime requisites, These, and similar 
considerations, will be found to have in- 
Huenced the development consistently. 

In the smallest sizes plain throttling has 
been used for governor control, since this 
method is the simplest possible; and as the 
size of the unit increases, the governing 
methods are increased in perfection from 
an cconomical standpoint, with the neces- 
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sary accompaniment of a larger number of 
parts. So also in the construction of the 
turbine itself; the smaller sects have only 
a single stage, while as the capacity is in- 
creased, stages are added in order to in- 
crease the efficiency. 

In the design of small units of this kind, 
it has been regarded as a prime necessity 


Fig. 3, Type C 20 kw, 125 Volt Non-Condensing 
Curtis Turbine 


that they should be entirely self contained, 
without any need of separate accessories. 
This consideration, which obviously does 
not apply to large sets, led to the choice 
of the horizontal type. 

In this connection it may be noted that 
the Curtis type of turbine alone permits 
of the extreme of simplicity in regard to 
the support of the shaft, met with in these 
smaller sizes. These machines are pro- 
vided with two bearings only, one of which 
does all the work, while the other simply 
maintains the shaft alignment. Machines 
with a multiplicity of stages, or of the 
reaction type, which require long drums 
and many rows of buckets, necessarily 
have to have a number of bearings. Some 
of the Curtis machines now have four 
bearings, but the tendency in recent de- 
signs is toward the use of two bearings, 
or three at the most. In the latter case, 
the form of flexible coupling used ensures 
perfect operation, without the necessity of 
maintaining absolute alignment of bear- 
ings. 

A surprising perfection of speed control 
has been attained in this apparatus, due to 
the use of governors working on knife 
edges and therefore without friction: to the 
valve gears instantly responding to the ac- 
tion of the governor: and to the fact that 
action of the valve gear makes itself felt 


in the control of the turbine speed without 
any lag. In governing an engine no effect 
can be produced on the speed, except at 
one point in each stroke, (the point of 
cut-off), and consequently there is frequent- 
ly considerable lag between governor action 
and speed control. In the turbine, how- 
ever, where the steam flow can be varied 
at any instant, no lag occurs and speed 
control is more prompt. 

In these machines every effort has been 
made to reduce the amount of attention 
required to a minimum. Lubrication is 
as nearly automatic as possible; the pack- 
ings are non-adjustable and durable; the 
polished surfaces are small in extent; and 
the oil is confined to the inside of bearings 
and does not escape, therefore the ma- 
chines are readily kept clean. Further- 
more the generators are of open construc- 
tion, so that brushes may be readily at- 
tended to and windings kept clean. Addi- 
tional safety governors are always provided 
which act to stop the apparatus when the 
speed, for any reason, reaches a certain 
predetermined maximum in excess of nor- 
mal. 

In regard to steam consumption it may 
be stated that the steam consumption of 
the condensing turbine sets is always less 
than the best performances of reciprocating 
sets of equal capacity. Non-condensing 
turbines use more steam than reciprocat- 
ing engines of equal capacity, when the 
latter are new or in the best possible con- 


Pig. 4. 20 kw Turbine Set, Locomotive Type 


dition. It is demonstrated, however, that 
the latter rapidly deteriorate in service, and 
the performance of the non-condensing 
turbine is always considerably better than 
that of a non-condensing engine of equal 
capacity after a year or more of service. 
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A mass of information in regard to this 
matter is being accumulated and_ will 
shortly be published. 

It has been found that the turbine is 
admirably adapted to the driving of blow- 
ers and pumps, particularly where con- 
siderable pressures or lifts have to be 
attained. A line of single stage air com- 
pressors or blowers have been developed 


for turbine drive, giving pressures varying 
from three-quarters of a pound to four 
pounds; and a number of pumps have been 
built with steam turbines as the motive 
power. There is every reason to believe, 
from the success of these installations, that 
the use of the turbine as a prime mover 
for pumps and compressors is destined to 
hecome Jarge and important. 


AN AUTOMATIC ELECTRICALLY DRIVEN 
TURRET LATHE 


By C. F. LAWRENCE. 


Up among the hills of Vermont in the 
small town of Windsor, is located a ma- 
chine company, which, a little over two 
years ago, manufactured a belt driven tur- 
ret lathe. At this time business was very 
dull, and there was very Jitde demand for 


charge of the men, and who also did the 
dranghting and designing; and during the 
ensuing: conversation, learned that they 
were not wholly satished with their belt 
driven machines, and the reasons for this 
dissatisfaction, 


Fig. 1. Automatic Gridley Turret Lathe, driven by General Electric Motors, Rear View 


their machines; their plant was running 
half time, and they employed only about 
fifteen men. 

Having started on a sort of missionary 
trip to visit a few of those machine tool 
manufacturers who had never considered 
the use of electric motors in driving their 
tools, I happened to visit this concern, 
namely, the Windsor Machine Company. 

I here met the superintendent, who had 


| then asked him if they had ever con- 
sidered the tse of electric motors for driv- 
ing their tools, and upon his replying that 
they had not, suggested that we go over 
the entire design of his machines and see 
if they could not be run very successfully 
with variable speed motors. 

After making preliminary sketches, anid 
looking over the details, T recommended 
the use of a variable speed motor to oper- 
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ate the main drive of the machine, and a 
small, 2:1, variable speed machine for 
driving the feed. | made a strong argu- 
ment to the effect that with these changes, 
and with the proper controlling arrange- 
ments on the machine, he could not only 
eliminate all belting and shafting, but re- 
gardless of the diameters of the work to 
be turned, he could maintain a certain max- 
imum cutting speed at all times. If this 
were done, he was bound to have a ma- 
chine which would increase the produc- 
tion, and increasing the production would 
mean a machine which would certainly sell. 

I pointed out to him that owing to the 
nature of a turret lathe, a great advantage 
was to be derived by making it automatic 
and enabling the operator to run a great 
many of these lathes. We made prelim- 
inary detailed sketches of the whole out- 
fit, and on leaving him the next morning, 
he stated that he was so enthused with 
the idea that he would not lose one minute 
in making formal detailed drawings. 

I told him that I should like to keep 
in touch with him while the drawings were 
being made, and if they would order a 
set of motors when the machine was as- 
sembled, I should be pleased to make a 
special trip to his factory to see that all 
electrical and mechanical connections were 
properly made; and would make a test 
to see that everything was as it should be. 
Ile seemed to appreciate this, and I left 
him very enthusiastic over the idea. 

After some correspondence covering a 
period of six or seven weeks, the General 
Electric Company received the first order 
from the Windsor Machine Company, 
which consisted of the following :— 

One CR type, No. 3 frame, 3 h.p., 220 
volt, shunt wound, variable speed motor; 
with a speed range from 500 to 1500 r.p.m.,, 
iorm C, (or frame cast without feet), hav- 
ing turned surfaces on outside of shell 
for placing in cradle. With this motor 
was included the R-75, drum type, re- 
versing controller, with the proper resist- 
ances bolted to the back of the controller. 
‘This motor was used for running the main 
drive spindle of the machine. 

For the feed drive was furnished a CR 
type, 34 frame, 44 hop, 220 volt, shunt 
wound, variable speed motor, with a speed 
range of from 600 to 1200 r.pam., form T., 
(or frame east with feet), With this 


motor was included the K-76, non-revers- 
ing, drum type controller, with the proper 
resistances bolted to its back. 

hy referring to Figure 1, two large cam 
wheels will be noticed located underneath 
the machine. Also the two controllers can 
be seen on the lower part of the machine 
in the center, These are connected me- 
chanically to the machine by a pinion and 
sector, which in turn are operated by a 
roller, that strikes the various shaft cams, 
which can be placed on the cam wheels. 


Fig. 2. Gridley Lathe. Front View showing Feed Motor 


According to the class of work to be done, 
certain shaft cams are used, so that the 
whole machine is absolutely automatic. 
Qn the extreme left of Figure 2, a 
weight hung on a chain will be noted. This 
weight presses forward a rod of steel 
stock, upon which the machine is con- 
stantly at work, and with the proper cams 
on the cam wheels the machine turns, 
drills, taps, mills, and finally ents off the 
part to be made. As soon as it drops 
down into a pan below, the main chuck 
opens, the rod of stock steel is pushed 
forward, and the process of the machine 
again starts. As long as there is enough 
stock remaining, this operation continues. 
Both of these variable speed motors run 
independently of each other; each control- 
ler being operated independently and auteo- 
matically by cams. ‘The entire range of 
spindle speeds from the minimum to the 
maximum can be obtained automatically 
on any operation, should it be desired, as 
for instance, in’ enutting off a piece of 
work, the spindle ean be run slowly when 
the cutting off tool starts, and as it feeds 
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nearer the center of the bar, the spindle 
automatically increases in speed so as to 
maintain a more uniform cutting speed. 
This method of motor drive is the reali- 
zation of the ideal in speeds and feeds, as 
any speed within the capacity of the 
variable speed motor can be automatically 
secured. This in itself has enabled the 


Fig. 3. Gridley Lathe. End View 


operator to produce, in some instances, up 
to as high as 50 per cent more work than 
could be successfully produced with a belt 
driven machine. With the motor drive 
every operation on the piece can be per- 
formed at the best cutting speed. 

Upon being notified that the machine 
was assembled, | made a special trip to 
Windsor, and upon arriving at the shop 
was extremely disappointed to learn that 
they had no generator to supply current 
to make a test. Upon inquiring I found 
that there was a small electric light sta- 
tion about five hundred or six hundred 
feet away across the river, which supplied 
only single phase current for lighting. 1 
immediately telephoned to the  superin- 
tendent of the central station, told him 
what [| wanted to accomplish, and as he 
was an ambitious man and anxious to 
learn more about electric motors himself, 
he was quite willing to do everything he 
could to help us. ‘The lighting plant con- 


tained an exciter giving a voltage of 125 
volts and as the plant was driven by water 
power, they agreed to start up the water 
wheel and give us current from the exciter-. 

In a halt hour we had six men reeling 
heavy line wire, the wire being hung tem- 
porarily from fenees, trees, across the 
bridge into more trees, then to the top 
of the building, into a winduw, and along 
the floor to the machine to be driven. 

After overcoming a great many obsta- 
cles in making connections, we started the 
machine about nine o'clock that night. 
The workmen who had left the factory at 
six o'clock, had many of them returned 
with their friends to witness the starting 
of the machine, and they were as pleased 
as a child with a new toy. 

When [ left that night the superintend- 
ent of the Windser Machine Company 
stated that the stock of his company had 
certainly increased in value, and he felt 
sure of immediate success as soon as the 
machine was put upon the market. I as- 
sured him that by judicious advertising it 
would only be a matter of a few months 
when his factory would be too small to 
take care of the inercased business, 

This was a litthe over two years ago 
and their business has increased by leaps 
and bounds. ‘Today instead of employing 
fifteen men, they have over two hundred, 
and have been working day and night. 
They have quadrupled the size of the 
plant, have put in new water wheels, new 
engines, boilers, and have new offices; and 
they are still thinking of enlarging their 
plant. 

Up to the present time, they have given 
orders for over two hundred motors, and 
| understand that the General Electric 
Company has purchased nearly one hun- 
dred of their machines. As the motor 
drive has increased the production in some 
cases as high as 50 per cent, no one can 
afford to use the belt drive. 

Another remarkable feature of this ma- 
chine is its symmetry. ‘The Windsor Com- 
pany has received many letters compli- 
menting them upon the symmetrical pro- 
portions of their machine, 

In conclusion I would say that every- 
one connected with the above company is 
very enthusiastic over this machine, as 
they have seen such wonderful results ac- 
complished in such a short time. 
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THE UTILITY OF THE SINGLE PHASE MOTOR 


By FreEbp. M. KiImpaut, 


Manager of the Small Motor Department. 


As a means for enlarging the field for 
the use of electric power, especially among 
small industries located in suburban towns 
or on the outskirts of large cities, the mod- 
erm single-phase motor occupies a unique 
and unassailable position, and is held in 
ever increasing regard by those who ap- 
preciate and cultivate the many adyant- 
ages to be derived through its use. 


Twenty years ago it was scarcely posst- 
ble for a central station to develop a power 
load outside the zone of the thickly settled 
portion of the town in which it operated, 
beeause the only motor available for re- 
note service was the direct current, series 
wound machine, adapted for use on are 
light circuits. The Daxter, Excelsior, anil 
Cleveland motors are well remembered ex- 
amples of the general type referred to. 
These motors possessed substantially ne 
inherent regulation, but made use of more 
or less complicated mechanical devices for 
automatically changing the strength of the 
series field to correspond with variations 
of load, or employed equally complicated 
means for shunting the magnetic strength 
of the field or varying the air gap to ef- 
fect speed regulation. ‘These devices were 
subject to disarrangement, and the regu- 
lation effected by them was, at the best, 
mediocre, considered from the present day 
standpoint. Judged by the state of the 
art at the time they were put on the mar- 
ket, however, they represented a notable 
contribution to the apparatus available to 
the growing central station. 


Ii at that period, when the alternating 
current system was just making its way 
to the front, there had been a thoroughly 
reliable and satisfactory single-phase mo 
tor available, it is altogether probable that 
the extraordinary development of poly- 
phase apparatus and distribution might 
have been very considerably affected and 
possibly postponed thereby. 


If the aggregate manufacturing industry 
which is now, or may be, supplied with 
power by single-phase motors, be consid- 
ered, it will be found to be enormous. <A 
great many quite small towns have from 
three to ten manufacturers in the aggre- 
gate, which, if all could be induced to 
adopt the clectric drive, would afford suffi- 
cient power demand to justify the opera- 
tion of a day circuit. On the outskirts of 
our Jarger cities and towns, a still greater 
number of isolated factories exist, the 


Fig. 1, Form KG Induction Motor 


power requirements of which can well be 
served by the eleetrie drive, As a general 
statement, the single-phase motor will en- 
able all this collectively large business to 
be added to the revenue of electric stations. 


The single-phase motor as at first devel- 
oped, left much to be desired, and owing 
to the unreliable service which was fre- 
quently afforded, the difficulties experi- 
enced in keeping it in successful operation 
and its high cost. it gained the confidence 
of central stations and customers but slow- 
ly. Particularly within the last five or six 
years, however, vast improvements have 
been effected, both in reliability and opera- 
tion, until now there is a fair choice among 
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several machines which are well designed, 
thoroughly built, reliable in operation, 
economical of maintenance, and reasonable 
in first cost. Central stations are real- 
izing the opportunity of developing a power 
load beyond the limits of their «direct cur- 
rent circuits, and in many cases beyond 
the limits of their polyphase circuits; se 
that at the present time we find the de- 
mam for single-phase motors is large, 
stable, and constantly growing, 


In developing the power load in a 
sparsely settled portion of a city, the 
cheapest possible method is to be found 
iw the use of the single-phase motor: oper- 
ated, if necessary, from an aerial circuit 
which may be fed from one phase of a 
polyphase net covering the more thickly 
settled portion of the territory. | Land 
Values about the thickly settled portion 
of manufacturing cities are constantly in- 
creasing; material suitable for buildings 
within the fire limits is also rapidly ad- 
vancing; so that it is frequently very neces: 
sary for the smaller industries starting in 
business to forego a location near the cen- 
tre of the town in order that cheaper land 
may be obtained and the lower cost build- 
ing erected. 


ty means of single-phase motor ciretits, 
central stations can take care of this class 
of business; and from time to time, as the 
suburbs grow so that the expense of poly- 
phase circuits is justifiable, they can be run 
into these new <dlistricts, and the single- 
phare motors exchanged for polyphase ma- 
chines, the former being then used for 
developing business in’ localities beyond 
the then limits of polyphase cireuits. 


As manufacturers have found ways and 
means of solving the very difficult prob- 
lems involved in the design and construc- 
tion of single-phase motors, it has become 
possible to decrease the old and prohibi- 
tive prices, until at the present time single- 
phase motors of good quality may be pur- 
chased at prices fairly comparable with 
prices of direct current motors. 


Among the most successful single-phase 
Motors ever designed are the celebrated 
“KG” machines, built by the General Elec- 
tric Company, They partake. in a marked 


degree, of the most excellent characteris- 
tics of the polyphase motors of the Gen- 
eral Electric Company, which have an un- 
assailable and world wide reputation, Com. 
pact in design, sturdy in construction, and 
always to be relied upon in operation, these 
motors furnish a most notable contribu- 
tion to the catalogue of twentieth century 
electrical apparatus. In the design of the 
“KG” motor, all condensers, commutators, 
brushes, and other equivalent accessoric= 


Fig. 2, Form RI Induction Motor 


are climinated, and simplicity and = sturdt- 
ness are dominant and noticeable features. 
They may be used for substantially all 
purposes to which shunt wound direct cur- 
rent motors for constant speed purpose< 
would be employed. 


For service requiring specially heavy 
starting torque, the General Electric Com- 
pany has designed, and has now developed 
in several sizes, another type of single- 
phase motor known as the “RU ‘This 
inoter is of the repulsion type, and em- 
hodies, to a degree, the characteristics of 
the compound or series motor. It is es- 
pecially useful in) driving some varicttes 
of fans and blowers, choppers, and mills. 


by means of one or the other of the 
motors described above, a large share of 
all the power requirements of remote suly- 
urban or ultra-zone city districts may be 
successfully met, 
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THE LOCAL OFFICE 
by J. Scripner 
Manager Lighting Dept., Chicago Office of General Electric Company 


So much depends upon pleasant. rela- 
tions existing between the customer, the 
Local Office and the Factory that it may 
be beneficial to point out how such rela- 
tions can be established and maintained. 

The purchaser seldom comes in contact 
with the factory, but does his business with 
the local office; therefore, the local office 
representative acts as the intermediary be- 
tween the buyer and the manufacturer, and 
as such must necessarily be familiar with 
the apparatus or appliances sold and the 
conditions under which they are to be 
used, and at the same time know some- 
thing about manufacturing and shop prac- 
tice. Before closing a contract for a ma- 
chine he should be reasonably sure that 
the machine is adapted to the local con- 
ditions under which it is to operate; and 
then having secured the order should see 
that the requisition is placed on the factory 
in such shape that there can be no chance 
for misunderstanding as to what is wanted. 

The purchaser who is not familiar with 
problems of manufacturing may ask, for 
instance, for some modification of a stand- 
ard machine that seems to him very sim- 
ple but in reality involves factory labor and 
expense greatly in excess of its true value. 
In such a case, it is the duty of the repre- 
sentative to adjust the matter in a way that 
will be acceptable to the purchaser and at 
the same time impose no unusual burden 
on the factory. 

Qn the other hand, it sometimes happens 
that after an order has been placed, the 
factory engineers will make certain recom- 
mendations that, while in themselves ad- 
vantageous, do not fit the local operating 
conditions. The local representative should 
realize that the suggestions are made solely 
with the idea of assisting the customer, the 
salesman or the factory, and when they 
are not applicable it is usually because 
complete information has not been fur- 
nished the factory. This sometimes hap- 
pens in switchboard work where the prac- 
tice changes frequently because of the 
rapid development of the art. 

We cannot too strongly emphasize the 
necessity for “complete information with 
the order”. The proper filling of the order 


depends entirely on this information being 
furnished. ‘The local office should not as- 
sume that the factory knows just what is 
required, but should keep in mind that the 
factory must follow the requisition and 
should see that the requisition is clear and 
explicit. 

The large increase in business in recent 
years and the difficulties experienced in se- 
curing raw materials, labor and machine 
tools, have naturally resulted in some ex- 
asperating delays and errors. If the pur- 
chaser complains to the local office and 
the local office passes the complaint along 
to the factory with inconsiderate criticisms 
which do not tend to make the factory 
man any happier, the latter—who is only 
human—may reply in like vein, and there is 
tension all along the line. If the local rep 
resentative had taken up the matter in a 
spirit of conciliation, he would in all prob- 
ability have secured results more quickly 
and established more friendly relations be- 
tween his customer, himself and the fae- 
tory. The only object in making a com- 
plaint is to rectify an error and prevent 
its repetition. 

It is unfortunate that local office men as 
a rule do not have better opportunities to 
become personally acquainted with the 
factory men with whom they are in fre- 
quent correspondence, thus giving each of 
them a chance to familiarize himself 
with the work of the other. The problems 
which each has to meet and solve are gen- 
erally very different, and unless a man has 
had experience at both the local office and 
factory—which seldom occurs—he will not 
readily appreciate the troubles of the other 
fellow. The General Electric Company has 
long realized the necessity of close co- 
operation between its local offices and 
factories and provides for frequent meet- 
ings of local representatives and the en- 
gineering and commercial departments at 
its various works. 

The purchaser has his troubles as well 
as the manufacturer, and the local office 
man can frequently establish more friendly 
relations with the customer by lending as- 
sistance, as, for instance, helping him to 
secure a contract for service, posting him 
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on what is being done in other towns, and 
generally taking an interest in making his 
business satisfactory and profitable. His 
interest should not cease with the securing 
of an order. 

One important duty of the local repre- 
sentative is to avoid ordering special ap- 
paratus when standard apparatus will an- 
swer. Orders for special apparatus are 
seldom desirable as, even at the advanced 
price, the margin of profit is too small in 
proportion to the extra work required on 
the part of the factory. When a customer 
wants a machine Of special capacity, it 


will generally be to his advantage in many 
ways to order a standard machine of some- 
what greater capacity. 

In a large company a certain amount of 
routine is necessary to handle orders intel- 
ligently, correctly and rapidly, and while 
in some instances it may seem unneces- 
sarily burdensome, the local representative 
should remember that departures from an 
established routine are liable to result in 
confusion and delay. It is better to spend 
a day in putting the order in proper shape 
before it goes to the factory than a week 
in straightening it out afterwards. 


QUESTIONS 


This section is open to inquiries upon engineering subjects. The questions will be submitted to the respective 
departments and such as are of general interest will be answered in this column, while those of less importance will 


be answered by letter. 


(J. Suppose that a quarter phase circuit 
is connected to two twin conductor lead 
enclosed cables, each cable being brought 
up through the floor through a separate 
piece of pipe; then, if one of the cables is 
connected to one side of each of the two 
phases of the quarter phase circuit, the 


60 Cycles 


Shurt. Colla 


Fig. 1 


other cable of course being connected to 
the other side of each of the two phases, 
would there be an induced current in the 
pipe? 

How would the impedance in the pipe 
compare with that produced if a single 
conductor were passing through it? 

A. If the two cables of the same phase 
are put in the same lead cover there will 
be no losses introduced, or at least they 
will be so small as to be negligible. If, 
however, one lead of phase No. 1 and one 
lead of phase No. 2 are put in one lead 
covering, and the other two leads in a 
second covering, there will be loss in the 


load and this loss can be figured out in 
accordance with the two first equations 
given on page 150 in the GENERAL ELectric 
Review for April, 1907. 

In that particular case a current should 
be used which is equal to the current in 
each wire multiplied by the square root of 
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Fig. 2 


two, and the resistance and inductance are 
then determined according to the formula 
given in the article quoted. E.J.B. 

* ok OF 

©. How shall I reconnect 125 cycle 
series alternating lamps so that they will 
operate on a 60 cycle circuit? 

A. In meeting the demand for a high 
frequency (125 to 140 cycles) series alter- 
nating lamp, which could be later readily 
changed for operation on a 60 cycle circuit. 
the General Electric Company has for 
several years furnished the so-called inter- 
changeable frequency lamp. 

This is the standard 60 cycle lamp with 
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a small additional reactance sufficient to 
maintain the correct number of ampere 
turns in the shunt coils when connected for 
the higher frequency. 

Fig. 1 shows the standard 60 cycle shunt 
connections, the two magnets being in 
series. 

Fig. 2 shows the same shunt spools con- 
nected in multiple and in series with the 
small reactance, a connection suitable for 
125. 133 or 140 cycles. 

The change is invariably made from the 
higher to the lower frequency. The small 
coil when disconnected may be left in the 
lamp, or removed at the customer's discre- 
tion. In connecting the shunt coils, care 
should be taken that the original direction 
of current in cach shunt coil is maintained ; 
otherwise, there will not be sufficient pull 
to actuate the armature, 

In order to overcome the extra im- 
pedance of the series coils at higher fre- 
queney, a greater starting resistance is 
required. Where two sticks of resistance 
are found it is recommended that one only 
be used in circuit for 60 cycle operation, 


G.N.C. 


NOTES 
Mr. Geo. ‘T. .Fielding, Jr. of the Power 
& Mining Mugineering Dept. General 
Electric Co., was married at the Bedford 
Vark Vresbyterian Church, New York 
City, on October Ist, to Miss Helen Ross 
Hornaday. Mr. and Mrs. Fielding will 
make their home in Schenectady. 
* * * 


The petition of the Schaghticoke Electric 
Co, to build an electric transmission line 
from its power houses near Sechaghticoke 
and Johnsonville, to Schenectady, was 
given a hearing by the up-State Public 
Service Commission at Albany on Septem- 
ber 31st. 

This company was organized for the 
purpose of developing electric power on 
the Hoosic river, and proposes to con- 
struct dams at Schaghticoke and Johnson- 
ville. where between 20,000 and 25,000 
horse power will be available. It is con- 
templated that most of this power will be 
transmitted to Schenectady. 

With the exception of a very few acres, 
all the property necessary for the erection 
of the proposed plants has been purchased. 


The committee reserved its decision on the 
application. 
a ae: am 
The Chicago Office of the General Elec- 
tric Co. recently received the following 
order from Mr. H. W. Hillman, formerly 
associated with the Heating Department 
of this Company, but who is now with 
the Grand Rapids Muskegon Power Co. 
as Commercial Manager: 


500 flat irons, 

126 glue pots, 

250 luminous radiators, 

10 tailor irons, 

22 2 kw. air heaters, 

40 small water heaters, 

100 cigar lighters, 

50 shaving cups, 

25 heating pads, 

25 soldering irons, 

6 6-in, stoves, 

* * * 

During the past month the General 
Electric Company has had the pleasure 
of visits from a number of prominent men 
associated with the A, E. G., among whom 
were Superintendent Auerbach and Di- 
rector A, Elfes, manager of machine shops, 
and Mr. H. Zader and Mr. Bassler. engi- 
neers respectively in charge of the sales 
department of heating apparatus, and the 
factory of heating apparatus and insulating 
materials. 

The engineers spent the greater part of 
their time in going through the different 
shops, and warmly complimented the or- 
ganization and products of the General 
Electric Co, 

* * * 


NEW YORK ELECTRICAL SHOW 

The General Electric Company's exhibit 
at the New York Electrical Show in Mad- 
ison Square Garden, September 30th to 
October %h, occupied the space at the left 
of the main aisle in the center of the Gar- 
den. The space was partially covered by 
a booth roofed with an arched frame work 
thickly studded with incandescent lamps. 
This booth was equipped to demonstrate 
a model dining room and kitchen. The 
corps of demonstrators effectively utilized 
various electric cooking and kitchen uten- 
sils in the preparation of attractive delica- 
cies, which were served to visitors at the 
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exhibit. Arranged on counters around the 
booth were samples of the devices used in 
the kitchen and dining room. 

Outside of the booth were several motor 
applications of interest to housekeepers, 
including among other things an elec- 
trically driven sewing machine, ice cream 
freezer, washing machine, potato peeler, 
carpet renovator, dough mixer, coffee 
grinder, meat chopper, music box. In 
addition to these were shown several in- 
dustrial applications of an interesting na- 
ture, including an electric air rock drill in 
Operation, circular mitre saw, mercury are 
rectifier charging outfit, direct connected 
gasolene engine generator set, electrically 
driven floor sander, and a Curtis turbine 
train lighting set. 

In one part of the exhibit was a color 
booth containing four different types of 
iluminants, showing the variable effects 
of different kinds of artificial light on color 
comparisons, 

* ok * 

The following list of patents was issued 
to the General Electric Company during 
the mouth of September: 

SOS.588, Sept. 10, Hewlett & Button, Electric 
switch, 

865.617, Sept. 10, Steinmetz, Induction motor. 

863.018, Steinmetz, Production of nitrous com- 
pounds, 

8H5, 707, Jodrey. 
coil 

865.907, Sept. 10, Jodrey. Coil for electrical 
Purposes. 

865,985, Sept. 17, Bains. Variable voltave trans- 
former, 

R6S.U88, Sept. 17, Batchelder. Electric locomo- 
tive. 

865.997, Sept. 17, Churchward. Electromagnetic 
variable speed mechanism. 

866,011, Sept. 17, Ferguson, 
proving vapor electric devices 

866,012, Sept. 17, Fleming & Halverson. Are 
lamps. 

866,068, Sept. 17, Riee. Nozzle and diaphragm 
for turbines. 

866.075, Sept. 17, Schneider. Water jet ground 
er for protection against excessive potentials in 
electrical systems, 

846,081, Sept. 17, Stern. Control of separately 
excited generator. 

86H.089, Sept. 17. Tournier. 
socket and shade hold. 

86.000, Sept 17. Troutman. Fuse box. 

866,105, Sept. 17, Whittlessy. Flush receptacle 
and plug. 

The following bulletins were published 
by the General Electric Go, during the 
month of September: 

4530 Mercury Are Reetifiers 


Seli-sustaining — field- magnet 


Method of im- 


Combined lamp 


4531 Curtis Steam Turbine-Generator 

4532 Direct-Current Motor-Starting  Rheo- 
stats, Types SA and SO 

4533) Wright Demand Indicators 
sic Curtis Steam Turbines—Horizontal Shaft 
ype 

4536 Railway Signals, Top Mast, Direct Con- 
nected Two Position Type 

4538 Catenary Line Material 

4539 Inductor Alternators 


\e print below some verses that have 
been going the rounds of the English 
papers, and also a paraphrasing by Mr. 
N. C. Ross of the Cincinnati office of the 
General Electric Co. 


THE RECEEPROCATIN’ MON 


By Nobert Burns and others, including Gavin Hanitlton 
Oh! woesome ‘oor that saw the birth 

O° turbine thocts in Pairsons’ head; 
I weesh that I wis aff the earth, 

Or else the turbine man wis deid. 


I'm a receeprocatin’ mon; 
I luve tae hear the bearin’ bump, 
Or yet the piston groan and grunt 
That's religated tae a pump, 


This whurligeegin’ thing I hate, 
For whutnac gude ts it tae dac? 
Tae sae the fearsome thing gurate 
Gars me puir stummuch gang agley. 


I widna care if it had ocht 
Tae need a tender fitter’s haund, 
But it rins sac weel sin it was bocht 
I hivna had tae slack a glaund. 


I hate the tribe of whurleegigs, 

It's jist a pinch of steam, then “Seatt!” 
I'm a receeprocatin’ mon, 

T stan’ or fa’ wii Jemmie Watt. 


AFTER USING 
(The Conversion af the “Receeprecatin’ Mon.) 
Oh! gladsome ‘oor that saw th’ birth 
( turbine thochts in Curtis’ heid; 
He'll knack thae ithers aff th’ earth— 
I'm fash they weesh that he wis deid. 


Lang syne wi muckle din an’ blether 
I telt a tale in doleful rhyme; 

T tint ma reason a’ thegither; 
But gat it back, an’ mair, wi’ time, 


Pin ne receeprocatin’ mon, th’ day. 
But een convairtit haird an’ fast; 
Th upright shafts hae come tae stay, 
Th’ blades stay in; step bearin’s last. 


It wars me greet tac count th’ years 
T patched. an’ oiled, an’ swore an’ swat: 
Th’ “Curtis” ies nae cause for tears— 
Deil tak th’ tribe o’ Jamie Watt! 
Tho’ ither turbines run or stop, 
Or let th’ steam straight through them blaw; 
Wi’ Geordie Curtis an’ his top 


I'm here tae stan’ or here tae fa’. 
—N. C. Ross. 
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ELECTRICAL MACHINERY IN STEEL MANUFACTURE * 
By W. T. Deax 


The object of this article ts to present an should serve the above purpose, but im modern 
outline of the mechanical processes and blast furnace practice, the great size of the 
means of transportation involved in the pro- furnaces, with the consequent heavy burdens, 
duction of the several forms of commercial require a fuel which combines great resist- 
steel, without attempting to impart technical ance to crushing, with a rough structure which 
information, which would only be of interest will make the entire charge within the furnace 


to the manufacturer of steel, and would be 
quite beyond the ability of the writer. 
The materials required in the production of 


snail iQ roan 
2 F *, ome en eek 
er sO 


Fig.1. Diagram of Steel Making Process 


pig iron, from which nearly all steel is made, Fly. 2. Shaft House for a deep mine in the Lake Superior 
are as follows: region with skip car about to dump and with 

~ : aaa . ; : loaded railway cur under the pockets 

First, iron ore, consisting of various oxides 


of iron of different degrees of punty with as porous as possible, Coke is the only fuel 
respect to the percentages of silicon, muan- which meets the above requirements. 
ganesc, phosphorus, and sulphur contatned. Figure | ois a diagram illustrating the 
Second, lime stone, which is used as a flux. entire process of steel making, beginning with 
Third. coke, which acts as a fucl and as a the ore, coke and limestone; the transportation 
reducing agent when transformed to carbon agents bringing together the raw material 
monoxide. Theoretically. any form of carbon at the blast furnace, thereafter diverting 


the pig tron to the Bessemer, or to the open 
* Presente:! Lefore the Schenectady Section. A PE E., October 5 
25. 1907 hearth process for converting to steel; after 
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which the raw steel is sent to the various 
finishing processes. 

The principal source of iron ore in this 
country is the Lake Superior district, and 
mining is accomplished by open cut work- 


tinue their passage down the lakes, either to 
Chicago or the Ohio ports, a trip that con- 
sumes about four days. By the munificence 
of Uncle Sam, ample harbors have been pro- 
vided at South Chicago, so that several boats 


Fig. 3. Open Cut Mining in the Lake Superior District 


ing—with steam shovels loading directly into 
the cars—and by deep mining, usually using 
the caving system, with narrow gauge dump 
cars and high speed, powerful hoists; the 
latter automatically dumping the ore into 
cars on the ground level. The open cut work 
is now being done, in at least one mine, by 
means of towers, cable ways, and motor- 
operated grab buckets or excavators. For 
underground transportation both mules and 
electric locomotives are used. 

However mined, the ore must be trans- 
ported by rail to the loading docks, where 
the cars are usually run up an incline and 
dumped into bins, from which the boats are 
loaded by gravity; it being possible to fully 
load a ten thousand ton boat in from four to 
six hours if the bins are full. 

From Lake Superior ports the boats must 
pass through the locks at the Soo—which 
now pass more tonnage than any other port 
in the worli—and from thence they con- 


may anchor in safety within reach of the 
docks. 


Fig.4, Ore Bridge with Clam-Shel) Grab Discharging 
Ore into a Transfer Car 


Several methods of unloading are in vogue. 
the motor-operated grab bucket or clam-shell 
unloader being the fastest device yet devel- 
oped for the purpose. The original method 
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of unloading involved shoveling the ore into 
buckets, which were hoisted from the hold 
by more or less efficient means, and the ore 
dumped into cars, which were pushed by 


southeastern Europe performed this work a 
few years ago; now a single operator with a 
motor-driven unloader displaces one hundred 
laborers. and five or six operators will unload 


Fig. 5. Ore Bridge and Ore Unloaders 


hand over a structure elevated above the 
stock piles. Great gangs of laborers from 


Fig. 6. Top Rigging of Blast Furnace showing a Skip Car 
about to Dump into the Upper Bell 


a ten thousand ton boat in four hours, 

The unloaders deliver the ore into cars 
under their own structure, or else into a great 
concrete trough parallel to the dock, from 
which the ore bridges remove it to stock 
piles or directly to pockets supplying the 
furnaces. 

The ore bridge is a steel bridge structure, 
usually about 600 feet long, mounted on 
multiple trucks on parallel tracks, and 
pivoted at both supports; so that, within 
certain limits, it may take any position across 
the stock vard. A clam-shell grab, similar 
to that used on the unloader but of greater 
capacity, digs and transports the ore, So 
powerful are the grabs, that six inches of 
solidly frozen ore offer no obstacle, and the 
furnaces may be supplied from the stock piles 
at anv season. The grab bucket is operated 
by means of steel cables and winding drums; 
the latter receiving their power from motors. 
Two separately actuated drums are required 
for cach grab, one for the opening lines, and 
the other for the closing lines; they are used in 
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conjunction with each other, and divide the 
load when the gratis fully closed and hoisting 
begins. The grab is opened by holding the 
opening lines and releasing the closing lines. 
the lines being held by means of dynamic and 
solenoul brakes, or air brakes. 


Fig. 7. Base of Blast Furnace During the Cast 


Taking the ore from the trough at the dock, 
or from the stock piles. the ore bridge de- 
posits it into hopper-bottom bins, or into 
hopper-bottom transfer cars on top of the 
bins, 

Similar bins are supplied with coke and 
limestone from cars. and the proper mixture 
of ores, together with suitable proportions 
of coke and limestone, are withdrawn from 
the bottom of the bins and weighed: hopper- 
bottom scale cars being used in weighing the 
charge, and accurate records kept by means 
of tape printing devices. 

The scale cars are motor-operated, and run 
on standard gauge tracks. which pass over 
pits into which the buckets or skip hoist cars 
descend at an angle to clear the tracks. The 
whole scheme of ore handling may be readily 
seen from the illustration. 

The top of a typical blast furnace of the 
largest size—the nominal capacity of which is 
six hundred tons of pig iron in twenty-four 
hours—is shown in 
bottom its illustrated in Figure 7, 

The charge is hoisted and dumped auto- 
matically by motor-driven hoists, adjusted 


Figure 6, and the 


so gecurately that the position of the cars, 
when at the top or bottom, never varies more 
than six inches. All parts of the hoisting 
machinery ure made as strong as possible to 
prevent the possibility of delays; and spare 
motors. controller parts, gears, ete.. are kept 
constantly on hand. for the success of a blast 
furnace depends very largely upon the ab- 
solute regularity of all its functions. 

Without goimy into the chemistry of the 
comphieated res ctionde! taking place in the 
intenor of a blast furnace, it may be satd in 
gencral that the combination of fuel, flux, 
ore, unc heitecd air under pressure. produces 
pig iron, sleg. and combustible gas. 

The pig iron is tapped out at intervals of 
four hours through an orifice near the bottom 
of the hearth, while the slag is tapped out as 
often as is necessary through the *“* cinder 
notch,” which is located some four feet higher 
than the iron tapping hole. The gas flows 
continuous.y, and is used in part to heat the 
stoves, the excess being burned under boilers 
to produce steam, used in internal combustion 
engines, or allowed to escape into the atmos- 
phere. 

The molten pig iron is transferred in special 
ladle cars to the Bessemer or open hearth 
departments, as the case may be. while the 
“weln- 
der pots,” oris granulated, by means of water. 


slay is hauled away im molten form in 


for the manufacture of cement, 


Bessemer Process 

The Bessemer process is too Well known to 
nevd extensive description. The pig iron, 
still molten from the blast furnace, 1s poured 
" where the 
product of several furnaces may be mingled 
and averaged; still molten it is transferred 
in quantities of about fifteen tons to the 
Bessemer converter, the pig iron being poured 
inte the top of the converter, whichis partially 


into a large cauldron or “' mixer, 


upped downwards for the purpose; air blast 
is them turned on and the vessel turned up- 
right. 

After being “blown for the required 


length of tune (as judged by the color of the 
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flame, which varies from dark orange to 
white), the vessel is partially turned down, 
the blast shut off, and spieyel-cisen added. 

The length of the “ blow" varies from 
seven to fifteen minutes. depending largely 
upon the amount of silicon in the pig iron. 
The blowing process reduces the pig iron to 
nearly pure iron, the spiegel-cisen is added 
to bring the carbon and manyanese contents 
to the specified figure. 

After the addition of spiegel-cisen, the 
vessel is immediately turned down and the 
contents poured into a waiting ladle, from 
whence it is poured into cast-iron molds, on 
small flat cars called “turtle backs,"’ The 


Fig. 8 Bessemer Converter 


steel chills upon contact with the molds, 
and the latter are strpiped off within from 
five to ten minutes after casting, leaving the 
ingots, as the steel is now called, red hot and 
solid on the exterior but still soft, or cven 
molten, within. 

The ingots are now quickly transferred to 
the rail mill reheating furnaces, or to the 
‘soaking pits,”’ where a high homogenous 
temperature throughout the ingot ts obtained 
in Jess than two hours. They are then drawn 
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by electric ingot cranes, and are transferred 
over motor-driven tables to the blooming 
mill, where the first reduction in section is 
made. From three to seven passes are made 
in the blooming mill and the product is called 
blooms. 

The blooms are then sheared into lengths 
which will produce from two to four rails of 
the weight desired, and about 15 per cent. of 
the end of the bloom goes into scrap, in 
order to reduce the percentage of defective 
rails, as this portion of the bloom is the part 
most likely to be lacking in homogeneity. 

The sheared blooms pass through some 
fifteen stands of rolls. being gradually reduced 
in section and clongated until the finished 
shape is attained, when hot-saws cut them 
into commercial lengths. 

The entire time from ingot to finished rail 
is about 90 seconds. and an ingot is bloomed 
every 35 seconds. When sawed to length 
the rails are still at a bright red heat, and they 
must be allowed to lic on the cooling beds 
some time before being straightened, drilled, 
and shipped. 


Open Hearth Process 


As pointed out previously, the Bessemer 
about ten minutes to 
steel. The open 


converter requires 


produce fifteen tons of 
hearth process handles larger quantities of 
metal but is a much slower operation, a 
complete requiring about eleven 
hours, As a consequence, the open hearth 
process iscostly ; on the other hand it is certain 
of results, and many ores not suitable for the 
Bessemer process may be used, The demands 
of the railroads for better rails, and the 
mecreasing scarcity of Bessemer ores. are 
rapidly retiring the Bessemer process. In 
fact, no Bessemer plants are underconstruction 
or are contemplated at the present time. 
The open hearth furnace is a large, shallow 
vessel, in which approximately equal portions 
of pig iron and cold serap steel are melted 
by means of a gas flame. Suitable fluxes 
are added as required, forming a protecting 


reaction 
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Fig. 9. Reheating Department of the Structural Shape Mill showing Overhead Charging Cranes 


Fig. 10. Charging Side of Open Hearth Plant showing Motor-Operated Charging Machine 
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coating over the top of the bath. The tem- 
peratures attained are so high that the steel 
boils violently. Samples are taken at inter- 
vals, and the furnace is tapped when the 
desired analyses are obtained 
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weighing sixty tons or more, must be tapped 
at one time and into one large ladle suspended 
from the crane. From the ladle the steel is 


tapped into ingot moulds, as in the Bessemer 
process, 


Fig. 11. A Close View of a 40 in. Slabbing Mill showing Vertical and Horizontal Rolls 


All of the molten metal, as well as the cold 
scrap about an open hearth plant, is handled 
by means of motor-driven machines; such as 


Pig.12. A 40 in. Slabbing Mill showing overhead charging and 
drawing cranes, motor-operated tables and 
mill in background 


charging cars and pit cranes. The pit cranes 
are usually of about one hundred tons 
capacity, as the entire cast of a furnace, 


In addition to operating the charging cars, 
cranes, rail mill, etc., motors are used to 
drive the various other mills, viz., the slab- 
bing, shear plate, blooming, and structural 
mills. The first of these, ¢.¢., the slabbing 
mill, is a form of blooming mill equipped with 
vertical as well as horizontal rolls and pro- 
duces slabs of suitable thickness and width for 
further rolling in a shear plate mill or a 
universal plate mill. 

A shear plate mill may be defined as a mill 
for rolling plates to a definite thickness, with- 
out particular regard to width. Such a mill 
is not provided with vertical rolls, and the 
product is sheared on both sides and ends 
to the required shape. 

Finished sheared plates are handled about 
the mill and on the loading docks by electro- 
magnets attached to traveling cranes. 

The blooming mill, when alone, is used to 
convert ingots into blooms for some subse- 
quent process, and it is frequently used to 
produce various sized commercial billets 
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as well. The processes are similar to those 

described when discussing the rail mill. 
Blooming mills, when engine-driven, are 

usually ‘two high,’ t.e¢., have two rolls, 


stands. The table must also tilt up and 
down, in order to reach the upper and lower 
passes of a ‘three high’* mill. 

As the piece becomes clongated, means 


Fig. 13. A 40 in, Blooming Mill with Motor-Driven Screw Down Motion 


When motors 
are applied to the driving of such mills, it has 
been thought best to build the mills * three 


and are reversed for each pass. 


high.’ or with three rolls running contin- 
uously in one direction, the piece passing 
first between the middle and lower roll, re- 
turning between the middle and upper roll. 

Blooms for subsequent rolling into channel 
and I beams are rolled into a shape rouglily 
approximating the letter I. then reheated and 
transferred to a structural shape mull, 

The structural shape mull differs from the 
rail mill only in that the several pxisses are 
usually made through several roll stands, 
driven by a single engine; thus necessitating 
frequent returns over practically the same 
space. 
transferring the piece from one pass to an- 
other; a duty performed by motor-driven 
traveling tilting tables. The machine. con- 


This requires special machinery for 


sists of a roller table with its driving motors, 
the whole mounted on motor-driven trucks 
so as to pass along in front of the several roll 


must be provided to support and move the 
portion which woukl otherwise overhang the 
table. For this purpose traveling roller 


Fig. 14, Pit of Drawing Side of Open Hearth plant showing 
1M Ton Overhead Ladle Cranes 


tables are provided behind those just de- 
seriled. The operator—who rides on the 
front oor traveling, tilting table—must he 
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able to control, almost simultancously, ten 
distinct motions, as well as watch the piece 
of steel. I have explained the above at 


length in order to show the importance of 
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slag. or cinder, as it is more commonly called, 
is allowed to run from the furnace in open 
channels towards tanks. About 
ten feet from the end of the run, water is 


concrete 


Fig, 15. 


supplying strictly reliable and easily operated 
automatic controllers for such work, 


Cement Plant 


When 


granulating of the slag was mentioned, The 


discussing the blast furnace, the 


Fig. 16. Concrete tank for granulating cinder with clam- 
shell grab bucket operated from overhead 
traveling crane 


A 24 in. Structural Shape Mill with Motor-Operated Traveling Tilting Tables 


forced at a pressure of 20 pounds into the 
bottom of the run, and mingles with the 
stream of molten cinder. The result is a 
buff colored, ight weight, granular substance, 
known as granulated slag, which is dug out 
of the tank with motor-driven, clam-shell 
yvrabs, and louded into cars for transfer to the 
cement plant, 

Approximately 55 per of crushed 
limestone is added curing the process of 
cement making, and the mixture is finely 
divided in tube mills, calcined, and again 
finely divided in ball and tube mills; making 
an excellent Portland cement known as the 
Universal brand, 

All of the machinery in the plant of the 
Universal Portland Cement Co. is motor- 
driven; an article describing this plant and 
its equipment was published in the Novem- 
ber issue of the Review, The power is sup- 
plied from the Illinois Steel Company's plant 
at South Chicago, distant ten miles, and as 


cent, 
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it is largely obtained from waste blast furnace 
gas, its cost is surprisingly low. Approxi- 
mately 9000 kw. is transmitted to the cement 
company at 22000 volts, and the output of 
the cement plant is about 10500 barrels 
per twenty-four hours. 

When a stranger visits the works of the 
General Electric Company at Schenectady, 
he is astonished at the splendid provision for 


every form of manufacturing, and wonders 
who can grasp the details of so complicated 
and yet so perfect an enterprise; but the 
stranger visiting a great steel plant is lost 
in awe at the Titantic forces made to do man’s 
bidding at the touch of a finger, and trem- 
bles at the rumblings of the volcanoes in 
leash, spouting white hot iron_ and molten 
steel. 


Fig. 17. General view of North Slip, Illinois Steel Company, South Chicago 
Illinois, showing steamers, ore unloaders, ore bridges and transfer 
cars and furnaces in the background 
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THE HIGH TENSION D.C. LINE OF THE INDIANAPOLIS 
AND LOUISVILLE TRACTION COMPANY 


By Joun R. Hewett 


In the issue of the “Street Railway Jour- 
nal"’ for September 7, 1907, there was a 
reprint of a paper read before the Chicago 
section of the American Institute of Elec- 
trical Engineers on March 26th by Mr. W. 
J. Davis, Jr., which paper contained the 
very interesting table given below: 


600 VOLTS DIRECT CURRENT 


Texas Traction Co......... sce cect eaten ases 
Elmira, Corning & Waverly ..........-.-.--.4+5 
Buffalo, Lockport & Rochester. ...............+- 
Oregon Railway.........:ec css ceeceeceaneeenne 


1200 VOLTS DIRECT CURRENT 
Central California Traction Co..........-...-+-+-- 
Pittsburg, Harmony, New Castle & Butler.,...... 
Indianapolis & Louisville. ....... 
Indianapolis, Columbus & Southern............-. 
San Jose & Santa Clara...... 2... cece cece ee nens 


SINGLE-PHASE 3300 or 6600 VOLTS 
Washington, Baltimore & Annapolis. . oer 
Central Ilinois Construction Company... paises 
Anderson (S. C.) Railway............-.-5+++--55 
Richmond & Chesapeake......000 50600022 ee eee 


Total horse-power in motors sold 43,380, of which 
1,200 volt direct current has 27 per cent. 
600 volt direct current has 33 per cent. 
Single-phase alternating current has 40 per cent. 
This table shows the horse-power, motor 
capacity, number of cars and length of 
track of the various high speed interurban 
roads for which the General Electric Com- 
pany has recently taken orders; and the 
point of prime interest is to be found in 
the fact that fully two-thirds of the total 
motor capacity sold consists of 1,200 volts 
direct current and single-phase alternating 
current motors, which is a plain evidence 
that there is an earnest movement on foot 
in the engineering world to reduce the first 
cost of constructing roads by the applica- 
tion of higher working voltages. 


A careful study of the above table will 
be instructive as showing what confidence 
is now being placed in what may be styled 
the ““New Systems.” 

The lines of the Indianapolis & Louis- 
ville Traction Company are the first to be 
put into si seilaiiaeall with the trolley Pressure 


LENGTH NO. OF | SIZE TOTAL 
OP TRACK CARS | MOTORS MOTOR HP. 
63 miles | 15 4x 75 hp. 4.500 
15 7 4x 60 ' 1,680 
7 “ 19 | 4x 75 “ 5,700 
40 s 4x 75 “ 2.400 

ISS miles | 49 14,280 
16 miles 6 4x 75hp 1,800 
cs 12 4x 75 “ 3,600 
41" 10 4x 75 “ 3,000 
Sa 3s 3 4x 765: “ OW) 

9 *" 8 | 4x 75 “ _ 2.400 

129 miles 389 TOO 

4x 125 hep. 
52 miles 25 2x125 ‘ 11,500 
40 “ 10 4x 75 “ 3,000 

35 3 4x 75 “ 900 
15 ‘ 4 4x 125 “ 2,000 

142 miles 42 17.400 


of 1200 volts D. C., and for this reason an 
additional interest will be attracted to that 
system. As the name implies, the com- 
pany will operate their cars from Indian- 
apolis to Louisville, although their right 
of way only extends from Seymour to Sel- 
lersburg. Very favorable agreements have 
been entered into with the Indianapolis, 
Columbus & Southern Traction Company, 
the Louisville Northern Railway & Light Com- 
pany and the Louisville & Southern Indiana 
Traction Company, which are the roads to 
bridge the intervening distance not covered 
by the Indianapolis and Louisville lines. 
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The car barns and power house of the 
Indianapolis & Louisville Traction Com- 
pany are erected at Scottsburg, Indiana, 
and both are substantial red brick build- 
ings. The power house contains two 
horizontal single cylinder Corliss engines 
rated at 750 horse-power cach, coupled to 
four General Electric MP-8-300-120-600 
volts compound wound generators. Two 
generators are mounted on the extended 
shaft of each engine, and the windings are 
connected in series in order to be additive 
and to give 1,200 volts. The fields are 
also connected in series on the grounded 
side. The boiler equipment consists of four 
Babcock & Wilcox water tube boilers. 
each rated at 300 horse-power and work- 
ing at a steam pressure of 160 pounds per 
square inch. The switchboard consists of 
two generator panels, two feeder panels 


“——- &/ Miles = 


lo feeder every/OO0 feet 


most noticeable feature of the hne con- 
struction throughout is that it differs in 
no single respect from a well equipped 600 
volt D. C. road. The trolley, which is of 
0000 capacity, is supported by a_ bracket 
construction and the feeders are arranged 
as shown in Fiyure 1, 

It will be noticed that the power house 
is situated in a central position and that 
the feeders extend for a distance of approxi- 
mately twenty miles in each direction, 
It is possible to operate the road for its 
entire length at 600 volts pressure, but as 
will be anticipated, under such condition 
the voltage is poor at both ends of the 
line. 

The road bed is rock ballasted through- 
out and the grading is finished in a style 
seldom equalled on any new = interurban 
system, It is very possible that exceed- 
--- ~~ COMMAS - - 

0000 Trotley 


JOOC8O Cat 
SORPEHHES - 


Power fovse 


Fig. 1. Diagram Showing Arrangement of Feeders 


and two cqualizer panels, all of which were 
supplied by the General Electric Company. 

The car barn is 173 ft. 4 in. long and 69 
ft. 10 in. broad. It is provided with four 
parallel tracks and four wheel pits each 55 
feet in length, and has more than sufficient 
capacity for holding the present equipment, 
which consists of eight 50-foot passenger cars 
and two express cars. One end of the car 
barn is fitted up as a work shop, being 
equipped with lathes, drills, forges and other 
appliances which are sufficient, not only 
to maintain the cars when once in operation, 
but to do all the work incident to installing 
the electrical equipment in the first place. 
The offices of the master mechanic, train 
dispatcher and secretary and treasurer of the 
line are also under the same roof as thecarbarn. 

The length of the road at present in 
operation is a little over 40 miles, and the 


ingly good schedule speeds will be main- 
tained between Indianapolis and Louisville. 
The two largest bridges on the read are 
respectively 525 and 480 feet in length, the 
former crossing the Muscatatuck River 
and the latter the Vernon Fork of the 
same, 

The greatest interest will undoubtedly 
be centered in the electrical equipment of 
the cars, as the arrangements are such as 
to permit their operating on both 600 and 
1,200 volts D. C. Each car is equipped 
with four GE 205 motors, which are com- 
mutating pole machines and have a capac- 
itv of 75 horse-power each. These motors 
are connected in two pairs, each pair con- 
sisting of two motors in series, so that the 
voltage across the terminals of each indi- 
vidually never exceeds 600. The fields and 
armatures are provided with extra insula- 
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tion as a safeguar.) against any momentarily 
high values of voltage should any pair of 
wheels skid or slip during operation. Extra 
large creepage surfaces are provided owing 
to the fact that there is 1,200 volts between 
the brushes and the ground. The Sprague 
General Electric multiple umt Type M 
automatic control is used. The control cir- 
cults proper are operated by current at 600 
volts, the high tension of the trolley being 
reduced or transformed by means of a diyna- 


brushes on commutator Noo Po being con- 
nected to a set of brushes on commutator 
No. 2. while the remaining set of brushes 
on commutator Noo 2 ure vrounded. As 
one set of windings is always generating while 
the other set is motoring, itis obvious that 
the potential across the brushes of commu- 
tator No. 2 will be half of the applied voltage, 
namely 600 volts. The 600) volt) current 
obtained in this manner is not only used to 
energize the contactor coils, but also to 


Fig. 2. Two-car train of the Indianapolis (& Louisville Traction Co, 


motor, This dynamotor works on the same 
principle as the wuto-transformer, or perhiups 
it may be more clearly described as a motor- 
generator with both windings wound on the 
same core and in the same slots, [It is pro- 
vided with a commutator at cach end, 
The 600 volts for operating control circuit 
when the car is running on 1,200 volts is 
obtained by the dynamotor as follows: 

The trolley is connected toone set of brushes 
on the first commutator, the other set of 


operate all the auxiliaries. The dynamotor 
his a rated capacity of 12 kw, 

The contactor fingers make and break 
the motor cirewit) current when operating 
on both 600) amd 1,200 volts. and for this 
reason they are designed with additional 
insulation, 

As ostated previously, the motors are 
provided with commutating poles, and as 
this is the first instance of a D.C. commu- 
tating pole malway motor bemg placed in 
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service to operate at 1,200 volts, the most 
essential features may be of interest. The 
exterior of the motor, as shown in Fig. 3 
is of the box frame type, and in general the 
construction is similar to that of the Standard 
General Electric Railway Motor of the same 
rating, With the addition of commutating poles. 

The commutating poles are situated mid- 
way between the exciting poles and have 
their windings all connected in series with 
one another and with the armature. The 
function of these commutating poles and 


too much into detail, the principal effect of 
this distortion may be stated as the forma- 
tion of a strong magnetic field midway 
between the N. and S. pole of the motor, 
which field has the harmful effect of pro- 
ducing a local current in the armature con- 
ductors at the very instant when their current 
is being commutated and reversed by passing 
from the influence of one field to that of 
another, Or, in other words, the magnetizing 
effect of the armature is at its maximum 
value midway between the poles, and it is 


Fig. 3. GE-205 Commutating Pole Railway Motor 


their operation may best be understood by 
considering an imaginary view of the arma- 
ture with two poles developed to form a 
flat surface. In such a diagram there will 
be a broad sheet of current flowing in the 
armature in the direction of the motor shaft 
under one pole, and in the reverse direction 
under the other pole. This sheet or band 
of current produces a magnetic field of its 
own which is opposed to the main flux of 
the field poles and changes the distribution 
of this main exciting flux. Not to enter 


the cutting of this field that produces a local 
voltage and causes sparking at the commuta- 
tor. The function of the commutating pole 
is to produce a field of equal strength and in 
an opposite direction to this magnetizing 
force produced midway between the excit- 
ing poles, and thus to counteract or wipe 
out the magnetic field which causes local 
currents at the point of commutation, and 
consequently to eliminate sparking. 

The fact that the commutating poles are 
connected in series with the armature in- 
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sures their magnetic strength varying in 
accordance with the strength of the arma- 
ture current when operating on fluctuating 
loads. There are other minor factors which 
enter into this consideration, but the 
above will show the fundamental princi- 
ples. 

The practical benefits derived by the use 
of commutating motors may be summarized 
as follows. With the elimination of spark- 


ber of car miles before its being necessary 
to send it to the car barn for repairs. 

The lack of sparking will further permit 
the use of higher voltages between commu- 
tator bars and consequently greater trolley 
voltages, which means that it is now practical 
to operate a D, C. road of 1,200 volts for double 
the distance between sub-stations. The 
application of commutating poles is by no 
means limited to the 1,200 volt motor; 


Fig. 4. Power House of the Indianapolis & Louisville Traction Co. 


ing the etching of the commutating bars 
will be materially reduced, and as the car- 
bon brushes are required to carry only the 
line current and no local current, they will 
wear better and disintegration will be ma- 
terially reduced. The outcome of this will 
be that the commutator bars will wear 
less rapidly and there will not be so much 
high mica to be worn down, with the result 
that a car will be able to make a greater num- 


the General Electric Company are now 
manufacturing a complete line of commu- 
tating pole motors to operate on 600 volt 
circuits, 

The following table will give some idea 
of the elasticity of a combined 600-1,200 
volt system, and it is worthy of mention 
that the range of speed can be still further 
increased if the requisite commutating 
switches are provided. 


VOLTAGE AT TROLLEY 

MOTOR TERMINALS VOLTAGE 
600 600 
30) 600 
600 1,200 
300 1,200 


VOLTAGE 
OBTAINED WITH 
Motors in parallel 
2 Motors in serics 
2 Motors in series 


4 Motors in series 


SPEED OF CAR 


40 miles per hr. 
20 miles per hr, 


40 miles per hr, 


2(} miles per hr, 


CLASS OF SERVICE 


Suburban and In- 
_terurban 
City service 


Suburban and In- 
terurban : 
Suburban and City 
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TWENTY-FIVE YEARS OF INSTITUTE HISTORY 
By T. C. Martin 


In view of the fact that according to the 
printed records of the Institute, the first steps 
towards its formation were taken in April, 
IS84, it may seem premature for me to-night 
to talk even twenty-five minutes about 
twenty-five years. But we are on the verge 
of 1908, and the Institute was already in 
existence in the minds of its advocates and 
friends in 1883, long before we circulated for 
signature the “call to arms”’ now hanging 
on the walls of the headquarters in the beau- 
tiful new home on Thirty-ninth Street, New 
York. I had the honor to assist Dr. N. S. 
Keith in the preparation of the famous April 
circular and to secure many of the notable 
signatures to it. It fell equally to my lot to 
prepare and issue the first volume of trans- 
actions and to make the first secretarial 
report. I have never enjoved the confidence 
of the Institute sufficiently to be trusted as 
its treasurer, but I have been elected to every 
other office in its gift and may therefore ven- 
ture to discuss it, on your invitation, from 
the inside and its various other respects. A 
good many of us in the electrical field— 
over 5000 now in membership —are inter- 
ested in the Institute’s welfare, and to us 
the story of its trials and struggles and 
evolution is not altogether vain and insipid. 
History repeats itself, and probably the 
growth of every engineering and _ scientific 
society follows much the same course. We 
electrical engineers came pretty late in the 
procession, but after all are not in a class by 
ourselves. Scientific and engineering bodies 
are ancient rather than modern inventions. 
A young mother whose infant was ailing went 
to an old-fashioned doctor and asked for 
treatment, He prescribed castor oil. ‘But 
doctor,”’ she exclaimed. ‘‘castor oil is such 
an old-fashioned remedy.”’ ‘* Madam,” replied 
the doctor drily, “babies are such old- 
fashioned things. 


> 66 


oe 


*Paper read before the Schenectady Section, A.LE.E., 
November Ist. 


No one will deny to the Institute, however, 
characteristics and idiosyncrasies due to the 
circumstances of its birth and to the develop- 
ment of the mighty agencies included under 
the generic name of electricity. There may 
be, and I trust there is, something personal 
in the feeling that the makeup of the Insti- 
tute has a youthfulness and vivacity about 
it that the other kindred societies do not all 
possess. I was only thirty myself when 
elected to the presidency, and while some 
of my successors, down to this very year, 
have been dangerously near that age I am 
told that in other societies such juvenility 
in high office would be regarded as scandalous. 
It seems likely that amongst the Electrical 
Engineers, youth will not yet be a bar to the 
supreme dignities. A notable orator in 
speaking about the late Mr. James G. Blaine, 
said that his magnetism had to be taken hot 
or else it soured on the stomach. It is certain 
that the Institute rarely had its electric- 
ity or magnetism served up on cold plates. 
I know of one president who never attended 
a single meeting, but his contribution to the 
art and to mankind would condone vastly 
greater indifference, just as the verse of Burns, 
“a tender boon to all humanity, has won 
pardon for the shortcomings of his brief, 
chequered life.”’ 

Speaking as the senior surviving president 
of the Institute, it might be expected that I 
should make some allusion to the nineteen 
men who have held the office since the begin- 
ning in ISS4. How some persons get elected 
to presidential office is a mystery, even grant- 
ing their great individual qualifications; and 
it is equally strange how others miss the dis- 
tinction, It does not follow that because 
a man ts a great engineer or inventor he has 
the executive ability for leadership; and 
moreover, he may be right in shunning instinc- 
tively that which would only be a distraction 
from his true work. Two of our most dis- 
tinguished members, known throughout the 
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world, have not accepted this office; vet it 
is surely a matter for congratulation that of 
the nineteen men no fewer than fifteen have 
been engineers very distinctively, and the 
names of seventeen are attached to inven- 
tions some of which are the greatest of the 
last fifty years. This is a large proportion, 
particularly when it is borne in mind that 
no fewer than eight of the nineteen have 
followed the profession of teacher, and three 
others have been journalists, who speak not 
as those having authority but as mere scribes. 
Perhaps the most striking fact about the 
list and the testimony it bears to the catho- 
licity of the American engineering spirit, as 
well as the manner in which our national 
strength is reinforced-~is that seven of the 
nineteen, including the present incumbent, 
were not natives of this country. The career 
open to talent that was regarded by Napoleon 
as such a desideratum, is obviously to be 
found in this country as nowhere else in the 
world. 

In truth, influential and powerful as the 
president is under our constitution, he is 
necessarily like the Institute itself, very much 
at the mercy of the secretary. To a.certain 
extent the overlapping time classes in the 
council give, as intended, continuity of ex- 
perience and tradition, but the personal 
depository of knowledge and the confidential 
adviser in all such bodies must always be 
the man who occupies the secretaryship, It 
is a singular fact that in three of our great 
national engineering societies, the secretary 
should have held office without break for 
nearly a quarter of a century; and in the 
Electrical Engineers,’ with its rapid growth, 
its swift changes in the art, and its perenially 
new problems, we were fortunate to secure a 
man like Mr. Ralph Pope who is still there 
and whose worth was publicly recognized this 
year by the bestowal of a gold medal at the 
dedication of the Engineering Societies 
Building. Dr. Keith, with whom in 1883-4 
I got up and circulated the petition for the 
creation of the Institute, went West almost 


immediately after the first meeting and I 
was left in charge as a stop-gap secretary. 
The activity in electrical development at that 
time was tremendous and I found I could not 
do justice to my regular journalistic work 
and to the Institute's affairs at the same time, 
It was a providential dispensation which gave 
us at that juncture Mr. Pope's services, for 
with instant sympathy he took up the work 
of development that has gone on without 
cessation to the present moment. Unhasting 
and unresting, of him it cannot be said that 
anybody ever saw him ina hurry but the work 
has always got done. The possession of the 
lymphatic temperament is, as in him, some- 
times associated with a remarkable ability 
to accomplish. He has never fallen into the 
error of mistaking restlessness for achieve- 
ment. Disraeli once compared his Liberal 
opponents to little children pulling up their 
plants every morning to see how much they 
had grown in the night. From such practice 
the conservatism of our secretary has always 
saved us, and we have had the growth just 
the same and all the more. His first report 
presented in May, 1886, showed a net total 
of 250 members. We now have over 5,000 
not including students, so that our member- 
ship has multiplied twenty times in the 
period. The average budget was then less 
than $1,000. It is now $70,000, Granting 
the tremendous development in our field of 
engineering, it remains evident that only 
conscientious care and a thorough grasp of 
the situation could have brought us through 
all these years to the firm, stable, and pros- 
perous position we now hold. 

Comparisons were long since given a bad 
name, but it is only by noting the progress 
of other societies that we can realize how 
far and fast our own Institute has traveled. 
In the vear when the A. I. E. E. was organ- 
ized, 1884, the American Society of Civil 
Engineers had 838 members. At the begin- 
ning of this October it had 4,287, and by the 
end of the year will have 4,400. In 1884, the 
American Institute of Mining Engineers had 
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1,381 members; on October 5th it had 4,179. 
At the close of IS84, the American Society 
of Mechanical Engineers had 557 members 
and on October Ist *it had 3,335 members. 
Hence, in spite of their flying start and time 
allowance, the A. I. E, E. has outrun all the 
other Societies, and with its 5,000 members is 
distinctly in the lead. I don’t know that there 
is any special credit in this; it is simply a fact 
worth noting; it may carry an implication or 
prophecy as to relative numerical importance 
later on. The growth of these sister societies 
is reason for hearty congratulation all around. 
The enrollment in four national technical 
bodies of nearly 17,000 professional members 
is surely an indication of the growing influence 
of engineers and engineering in a civilization 
that they at least as much as any other factor 
have created, 

Throughout the career of the Institute I 
have been constantly impressed with the 
evolutional nature of its growth. What I 
mean is that at the very outset certain cle- 
ments and essentials were set forth as desir- 
able, and that persistently, if unconsciously, 
the society had pursued the ideals of the 
founders. <A perusal of the earliest volumes 
of transactions shows emphasis to have been 
laid on a library, a permanent home, branches 
or chapters, raising the character and qual- 
ifications of membership, standardization of 
apparatus and tests, securing papers on the 
latest advances and from representative men, 
and the interchange of courtesies with domes- 
tic and foreign societies. Some of these points 
may be fittingly noted as having been attained 
much more fully and richly than the idealists 
and prophets of 1884 deemed possible, 

Think of the dignified and graceful home 
occupied as headquarters in New York, said 
by an English architect of repute to be of all 
the buildings he saw in America the best 
adapted to its purpose. We were homeless 
cuckoos when we began, meeting here and 
there, enjoying the hospitality of other 
societies, like the Civils and Mechanicals, 
changing our offices eight times in only 


twenty years, and living from hand to mouth 
in a manner utterly beneath the status and 
requirements of a great Institute. The first 
evidence of nationality is a permanent seat 
of government, and I for one should have 
regarded it as a misfortune had the Institute 
twenty-five years old still been without a 
definite center, a house and a hearth, a worthy 
focus for all its activities, and a proper organ 
for the exercise of all its functions. 

At any rate the Institute has answered 
forever, in satisfactory fashion, the question 
“Why pay rent? "’ and is now dealing vigor- 
ously with the problem “ Why stay in debt?’ 
I am rather proud, though not vainglorious, 
of the fact that your Land and Building Fund 
Committee, of which I have the honor to be 
chairman, has raised in three years from about 
1,000 members and friends, the handsome 
sum of $160,000 nearly all of which is paid 
in. It hopes to close its debt-lifting cam- 
paign this winter by getting the $20,000 still 
needed. The committee has now and again 


. met with discouragement and disappointment 


in some quarters where it had high hopes, but 
will not relinquish its efforts, till the work 
is done. It believes that the public spirit 
and active good will of the 4,000 members, 
who have still to subscribe, will soon free the 
Institute from all this burden, leaving it 
with an asset of rapidly increasing value and 
with all its agencies in unhampered full play. 

The joint library in the new Engineering 
Building given us by Mr. Carnegie is one of 
the best evidences of the good that flows al- 
ready from the creation of the new home. 
There we have what is probably, even now in 
the earlier stages of organization, the best 
collection of engineering literature in the world. 
It is constanly securing valuable accessions, 
and students more and more frequent it. 
Together with the grand Public Library on 
the next street, now being finished, it will 
constitute the best center of scientific and 
literary investigation, through the printed 
world, to be found on this continent. When 
our past president, Dr. Wheeler, with generous 
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impulse, gave us the Latimer Clark Library, 
he litthe thought that from such a nucleus, 
or so soon, would come in reality, both the 
building and the splendid larger library it 
now enshrines. We Electricals are, indeed, 
not as appreciative as we ought to be of what 
has come through Dr. Wheeler's initiative 
and liberal gift—a critical event in Institute 
history determining al] the future. 

There has been in some minds the haunting 
fear that this building and all that it repre- 
sents, would make for centralization in the 
Society, for an undue accumulation of power 
in New York hands; but it is a noteworthy 
fact that never before was the establishment 
of branches and chapters carried on so stren- 
uously. Moreover, men who have been prom- 
inent in the erection of the building have been 
most earnest advocates of this policy of 
decentralization, and past president Scott, 
one of the foremost in our building work, was 
as a matter of fact the father of the modern 
movement that has brought into being such 
wonderfully successful local bodies as your 
own, whose usefulness it is indeed hard to 
compute fully. But if you will go back into 
the annals and archives you will find that 
others of us years ago were strong federalists 
and at the Institute meetings favored policies 
aiming at the principles approved in the latter 
days. The vigor of the branches is cause for 
profound congratulation, the best proof of 
health; and a pledge of universal interest 
amongst widely scattered members of the 
profession, in the work of the Institute. 

It would be simply impossible here to review 
the papers and transactions of the Institute 
during twenty odd years. <A long serried row 
of 25 substantial volumes, containing 16,000 
pages of printed matter, looks at me from my 
book shelves as I prepare these notes, and 
picking out any one of them I find valuable 
fact and data, theory and speculation, from 
scores of members. It might all have been 
done better —I know that from serving for 
years as the chairman of the committee on 
papers and meetings—but it was something 


to put into such permanent and readily avail- 
able form that mass of useful material. As 
one surveys the great throbbing productive 
domain of electricity, it seems easy to get 
all the papers you want, from anybody you 
choose, but the exact contrary is the fact. 
I am not ashamed to-day that my own paper 
and statistics on electric railway work in 
ISS8S6 were the first of the kind in America, 
but the literal truth is I was just stage man- 
ager called upon to fill a leading role suddenly 
because the chief actor in the cast was 
sick, 

One of the most agreeable features of the 
Institute’s development has been the inter- 
change of courtesies with kindred societies 
abroad. We all know the kind of wits attrib- 
uted to homekeeping youth, and even learned 
bodies are found to benefit by a sea change. 
We may yet live to see the Royal Society 
meeting in Chicago; the French Academy 
in session at Montreal; and in these days of 
politics more villainous than saltpetre, let 
me express the hope that some early day the 
A. I. E, E. will hold its annual meeting in 
friendly Tokio, when the cherry trees are all 
ablossom. Meanwhile, we have had_ the 
privilege to entertain in the land of Franklin, 
the fellow countrymen of Faraday and Volta, 
of Ampere and of Ohm; and they too have 
made us welcome in return. I feel confident 
that in time this closer touch must lead to 
more intimate union, and that in engineer- 
ing solidarity we shall find one more pledge 
and guarantee of the peace of the world. The 
aptest synonym for engineering is  asso- 
ciation. 


* * * * 


In closing, Mr. Martin next spoke of the Code 
of Ethics, recently drawn up by the Institute, 
and said that while in sympathy with such a 
code as proposed it should not be made too ° 
rigid and too much should not be expected 
of it. 
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THE ROSENBERG GENERATOR 


By B. M. 


The General Electric Company has recently 
purchased the American patent rights cover- 
ing a number of the more important applica- 
tions of the Rosenberg Generator. The 
machine was invented by Dr. E. Rosenberg 
of Berlin, and its method of construction is a 
radical departure in the field of dynamo 
design. 


Fig.1, Rosenberg Generator 


The distinctive characteristic that renders 
the machine especially valuable for certain 
purposes is its tendency to deliver a constant 
current at variable speed, and a constant 
output at constant speed. The means taken 
to secure these results are very simple and 
eminently effective; they consist, essentially, 
in short circuiting what in an ordinary dynamo 
would be the service brushes, and in placing 
the actual service brushes at points on the 
commutator midway between those of the 
first set. 
of a series machine, are desizvned for a 


The field cores, at least in the case 


much higher degree of saturation than is 
usually the case in an orlinary dynamo, and 
the pole pieces are of different shape and of 
yreater size. In appearances the machine 
differs but little from a normal generator, 


Eorr 

as may be seen from Fig. 1, which shows a 
small series wound Rosenberg machine, fitted 
with an adjustable resistance in parallel with 
the field winding, the object of which will be 
explained later. 

The elementary principles upon which the 
action of the machine is based may perhaps 
be better understood by reference to Fig. 2. 
which jis intended to show a resolution of the 
magnetic fluxes into the directions of their 
respective magnetomotive forces, 

This diagram represents a bipolar dynamo, 
with the armature revolving in a counter- 
clockwise direction between the pole pieces. 
marked N and S$. The magnetic flux, which 
may be conceived of as emanating from the 
pole N and entering the pole S, is indicated in 
the diagram by the solid lines N S,. and for 
the sake of explanation will be termed the 
“primary flux." 
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Under these conditions of rotation anil 
field, the electromotive force induced in the 
armature conductors produces a current 
which flows toward the observer in the upper 
half of the armature winding and away from 
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the observer in the lower half. This current 
flowing around the armature and through the 
short-circuited brushes creates a “secondary 
flux’’ at right angles to the primary and 
indicated by the lines N’ S’. 

The current resulting from the conductors 
cutting this secondary flux creates a tertiary 
Magnetomotive force at right angles thereto 
in the direction of the broken lines N” S”, that 
is to say, in direct opposition to the primary 
flux. This current is collected by the brushes 
BB and supplies the external circuit. 

With this explanation the action of the 
machine becomes at once apparent; it is, in 
effect, in a state of magnetic balance; anv 
increase in current immediately increasing the 
tertiary magnetomotive force opposing the 
primary flux, with the result that the current 
produced by this flux is diminished, the 
secondary flux reduced, and finally the ter- 
minal voltage of the machine. It is evident 
from this, that at constant speed the generator 
will have a drooping voltage characteristic 
and a practically constant output. 

At variable speed it is a constant current 
machine, for an increase in speed tends to 
raise the voltage and consequently the current; 


Fig. 3. 


but, as has been shown, this at once reduces 
senally the primary flux, the secondary flux, 
and therefore the terminal voltage. 

Tests made at Schenectady on a one kilo- 
watt Rosenberg generator showed a voltage of 
30 when the speed was 1200 revolutions per 
minute; the speed was then increased to 2600 


revolutions per minute, and the voltage rose 
to 30 1/2, and then fell back to 30; thus, 
with an increase in speed of more than 100 
per cent., the voltage increased but 5 per cent., 
while the variation in current was slightly 
smaller. 


For series excitation, the field magnets are 
built with cores of exceptionally small cross 
section, and the pole shoes are of unusual size 
and subtend a large are on the surface of the 
armature, permitting the tertiary field to be- 
come a strong counter stray field, as shown in 
Fig. 3. 

The number of turns on the field is made 
large compared with the effective turns of 
the armature, and for very small currents 
the primary flux increases at a more rapid 
rate than the tertiary, with a consequent 
increase of the terminal voltage; therefore, 
at the beginning of the curve the character- 
istic is ascending (Fig. 4). 

At a small value of the current, however. 
the field cores become highly saturated, due 
to their relatively small area and the large, 
number of turns upon them, while the iron 
of the armature and that of the heavy pole 
shoes is still at a very low density. Any 
increase in current above this value has prac- 
tically no effect upon the strength of the 
primary field, but produces in the large 
volume of iron in the armature core a counter 
flux which is almost proportional to the 
current, and owing to this condition, the 
machine has for the most part a drooping 
characteristic, as already stated. 
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By suitably dimensioning the various parts 
of the machine, it is possible to obtain a 
short circuit current which will exceed the 
normal current by any required amount, 
say 25, 50, or even 100 per cent., while on the 


cae 


Volts 


other hand, the maximum voltage may be 
made to exceed the normal voltage by a cor- 
responding percentage; furthermore, the ma- 
chine may be designed to give a drop in 


necting these resistances in parallel with the 
field winding The decimal given in connec- 
tion with each curve represents the proportion 
of the total current that is flowing in the field. 

If a large open circuit voltage is required, 
the magnet frame, or parts of it, must be 
made of cast-iron; since the ability of cast- 
iron to retain its magnetism is superior to that 
of cast-steel or wrought iron. The extra 
weight occasioned by the use of cast-iron is 
inconsiderable, as in any event the cross 
sectional area of the magnet yoke is small; 
and if this is made sufficiently heavy for 
mechanical purposes, it will amply serve to 
carry the small flux of the field. 

The reduced cross section of the yoke is 
well illustrated in Fig. 6, which shows two 
sections of a 30 kilowatt machine designed 
for electric welding purposes. 

The no-load voltage may be further in- 
fluenced by shifting the brushes backwards 


Fig. 6. Sectional Elevation of a Series-Excited Rosenberg Generator Designed for Welding Purposes 


voltage almost exactly proportional to the 
increase of current. 

The current for a given voltage may be 
reduced to any desired value by placing 
shunts of different resistance across the 
series field; in which case the field current 
will no longer be equal to the current at the 
brushes. Fig. 5 shows the effects of con- 


or forwards, so that the axis of the short 
circuited brushes will not be exactly in line 
with the electrical neutral; under these cir- 
cumstances the cross flux will have a com- 
ponent which directly strengthens or weakens 
the residual field, and is productive of widely 
varying results. 

To secure a sufficiently weak field for good 
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commutation at the main brushes, a slot is 
cut in the center of the pole face from front 
to back, and on all machines thus far built 
this has given good results. No trouble has 
been experienced with sparking or heating 
at the short circuited brushes. 
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Fig. 7. 


The ability of the Rosenberg generator to 
deliver a falling voltage with rising current, 
and vice versa, renders it especially valuable 
for use with carbon ares for searchlights and 
electric welding; it is, in fact, the best machine 


known to the profession for the purpose, 
giving a stability of arc and an economy of 
operation not approached by any other source 
of current vet realized. 

This may be readily appreciated when the 
peculiarities of the carbon are are brought 
to mind; for, as is well known, carbon arcs, 


with the exception of those of very small arc 
lengths, possess the distinct property, that 
the greater the current flowing through any 
given arc, the less the voltage drop across it. 
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Fig. 9. 


Ares of this nature, therefore, cannot be 
connected across constant voltage mains 
without having a resistance —usually termed 
* ballast ’’-- placed in series with them. The 
object of this ballast, as its name implies, 
is to create an electrical balance for steadying 
the arc; an increase of current producing 
a decrease of potential at the are by 
virtue of the increased drop of potential 
across this resistance; thereby maintaining 
the stability of the arc and preventing the 
otherwise excessively large rushes of current. 
On the other hand, should the current fall in 
value, the ballast will produce a rise of poten- 
tial at the arc, due to the reduced drop in 
voltage across the resistance, and thus enable 
the arc to continue burning, 

The curve of Fig. 7 shows the currents 
corresponding to different voltages across 
the are of a lamp designed for 60 volts and 
200 amperes; the lamp being connected to 
220 volt constant voltage mains, and in series 
with a ballast of 0.8 ohms, which consumes 
almost three times the amount of power 
actually absorbed at the are when working 
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under normal conditions. The curve marked 
0.9 of Figure 8, shows the performance of 
the same lamp without ballast, when connected 
to a Rosenberg series generator; the generator 
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Fig. 10 


having a low resistance shunt connected in 
parallel with its field windings. Upon com- 
paring these two curves it will be seen that 
they correspond very closely, and that the 
power saved in the latter case is approx- 
imately three times that actually required to 
keep the are burning normally. In a lamp 
connected in series with a ballast consuming 
only 100 per cent. or less, of the amount of 
power expended at the arc, the variations of 
current are greater beyond all comparison 
than those obtained with the Rosenberg 
generator. This is shown by Fig. 9, which 
gives the performance of the above lamp 
when connected to 110 volt constant voltage 
mains in series with a ballast of 0.25 ohms. 
The curves of Fig. 10, marked 220, 100 and 
R, show the power consumption, as a 
function of the arc length, for a 75 ampere 
arc lamp when connected, respectively, with a 
series resistance across 220 volt mains; when 
connected with series resistance across 100 
volt mains; and when connected directly 
to a Rosenberg generator. In addition to the 
fact that with normal current the power 
consumed in the first two cases is considerably 
larger than in the third case, it may also be 
seen that for small are lengths the power 


consumption increases in the former cases, 
while in the latter case there is an actual 
decrease of power. With a complete short 
circuit, the machine will require but little 
more power for driving than when open cir- 
cuited, 

This last named feature of the generator, 
i.e, the inherent impossibility of its being 
subject to heavy overload, opens up another 
extensive field of application for the machine 
in connection with gasoline-electric convey- 
ances, both for railway service and for street 
bus lines; taking as an example of the latter, 
for instance, the Fifth Avenue bus, of New 
York City. 

For service of this kind the series generator 
is the more suitable, because of its ability 
to deliver an almost constant output with 
widely varving currents; and further, because 
this means of excitation provides against an 
overloading of the driving engine. When 
climbing grades the motors naturally tend to 
slow down, a larger current flows through 
them, and the voltage of the generator auto- 
matically drops; thus, no regulating resistance 
need be interposed between the motors and 
the generator, and they may be connected 
by means of a simple switch directly to the 
generator while the latter is running, 
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Fig. 11 


Figure 11 shows the output in kilowatts 
corresponding to the external current of a 
small series generator with full field excitation; 
i.e,, with no shunt in parallel with the field 
winding. The maximum output of 30 kilo- 
watts is attained witha current of 450 amperes. 
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and any increase or decrease of current above 
or below this value will result in a decrease of 
power output. If we consider 26 kilowatts 
(represented by the central dotted lines) as 
the normal capacity of the generator, the 
current may then have any value between 
230 and 670 amperes, with a variation in 
power output not exceeding 20 per cent. of 
the normal. The voltage, as determined 
from a curve similar to Fig. 4, is found to 
vary between 30 and 86 volts. It is thus seen 
that the machine represented has a prac- 
tically constant output within wide limits. 
The Rosenberg generator may be further 
used as a reversible booster placed between 
two sources of variable voltage, such as a 
battery of 50 cells and a 110 volt generator; 
the voltage of the latter varying between 90 
and 130 volts. If the voltage of the gener- 
ator and battery are the same, a current 
equal to the short circuited current flows 
through the booster, since the terminals of 
the machine are at the same potential. If, 
however, the voltage of the generator is 
greater than that of the battery, the current 
through the booster will increase slightly 
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Fig. 12 


above the short circuited current, the teruuary 
flux will overpower the primary, and the 
booster will generate a negative voltage; 
in other words, the machine will run as a 


motor, consuming the difference between 
the voltages of the generator and battery. 
Should the voltage of the batterv be greater 
than that of the generator, a current some- 
what smaller than the short circuited current 
will flow, the booster will generate a positive 
voltage, and the potential between the two 


Fig. 13 


circuits will thus be equalized. The machine, 
when used as an ordinary booster for charging 
accumulators from constant voltage mains, 
will require no regulation throughout the 
whole range of charging, from full discharge 
to complete charge. The current decreases 
with progressing charging, either very slowly 
or at any predetermined rate, depending upon 
the design of the machine, while the voltage 
of the booster adjusts the line voltage to 
that of the battery. Figure 12 shows the 
performance of a machine when operating 
under these conditions, For mains supplying 
very irregular service, the excess of current 
above the average may be supplied by a buffer 
battery; and by placing a Rosenberg generator 
between the mains and the battery, the mains 
will then supply the average power required 
throughout the hours of service. The booster, 
as has been shown above, will operate as a 
motor or as a generator, depending upon 
whether the voltage of the mains is above 
or below that of the battery, while the current 
flowing through the booster will remain almost 
constant. This arrangement is outlined in 
Fig. 13. 
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FORM 2 MULTIPLE LUMINOUS ARC LAMP 


By G. N. CHAMBERLIN 


The luminous metallic are is now recognized 
us the most efficient and best all-around street 
illuminant in commercial use. This system 
of street lighting as furnished by the General 
Electric Company, having passed the ex- 
perimental stage, is in quite general use, and 
one or more of the other large manufacturers 
are entering the field of development and 
exploitation. 


Fig. | 


Form 2 Multiple Luminous Arc Lamp 


For low voltage, direct current, multiple 
circuits, 100 to 125 volts, there has been but 
little use made of the metallic lamp. A lamp 
for use on such circuits was described in the 
September, 1906, issue of the GENERAL ELEc- 
tric Review. This multiple lamp was a 
modification of the series lamp, requiring 
in addition to the necessary regulating mag- 
nets and steadying resistance, shunt magnets 
for striking the arc. and a cutout for pro- 
tecting the shunts. 

It was thought advisable to develop an 
improved type, as shown in Figure 1, which 
resembles quite closely in outline and general 
dimensions the standard type of General 


Electric enclosed lamp. The lamp is of 
pleasing appearance, and of suitable size for 
installation on multiple circuits. 

The casing is of solid copper with a black 
oxidized finish. The main body of the casing 
is rolled from one sheet of .030 copper, thus 
eliminating all riveted connections, and fur- 
nishing a strong and durable housing for the 
lamp mechanism, and a support for the outer 
globe and its supporting ring. 

The standard No. 5 outer globe is used, 
but the lower surface is ground to eliminate 
shadows directly underneath the lamp, and 
to obscure from view the small metal pan, 
placed in the bottom of the globe to catch 
the iron oxide. The globe supporting ring 
is a slight modification of the one now in 
general use on General Electric multiple 
enclosed are lamps. 

Figure 2 is an interior view, showing the 
mechanical construction of the lamp. The 
main frame consists of a 14 in, iron pipe 
connecting the top and base castings, forming 
a rigid construction, and at the same time 
providing a suitable center draft or chimney 
for disposing of the arc fumes. At the top 
this chimney is protected from rain and 
storms, in such manner as not to interfere 
with the natural and uniform draft required 
at all times for the proper action of the arc 
flames. 

The upper, or positive electrode consists 
of a T-shaped drop-forging of copper. With 
a large volume of copper and a large radiating 
surface, it is possible to keep the electrode 
at a low temperature, and this condition, 
together with the peculiar characteristics of 
the luminous arc, results in a slow wearing 
away of the copper. To further decrease 
this oxidization, and increase the life of the 
copper electrode, an iron tube is fitted tightly 
around the latter, leaving the copper end bare 
for the arc contact. With a 4 ampere lamp 
this upper electrode will require renewing 
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after about ISQU hours operation, or, with an 
average burning of five hours per day. this 
upper electrode should last a year 

The lower electrode, which ts responsible 
for the characteristic flaming are of this lamp, 
ts aniron tube $f in. in diameter and 5] in. 
in length, filled with the prepared composi- 
tion. One electrode only is used at each 
tomming, with a life of about 150 hours. 

The non-consuming copper electrode, and 
the electrode box, are attached to und carned 
by ao onon-corroding Benedict mickel tube, 


Fig. 2 
Interior of Lamp Showing Construction 


This tube passes inside of the draft chimney, 
and comes in contact with, and is carned by, 
the lamp clutch. This clutch consists of five 
phosphor-bronze balls. wedging between an 
inclined plane of the clutch ning, and the tube 
to be hrfted 

There are two single magnets, with the two 


E armatures mechanically connected. This 
single solenoid construction, with the E 
shaped armature. has been recently proven to 
be one of the best, if not the best, of maynet 
constructions available. Its action is post- 
tive, and at the same time remarkably sensi- 


Fig 3 
Diagram of Connections 


tive, responding quickly to any vanations of 
the line or arc, and thus maintaining a close 
regulation of the current, 

The magnet windings. as well as the resist- 
ance, are of the wellknown edgewise type, 
Al Jeads are insulated with glass beads, 
presenting a modern indestructible lamp 

Two Lin. dashpots are used. which provide 
the necessary retarding effect, with a large 
clearance between the shell and the graphite 
plunger. 

Figure 3 shows the extreme simplicity of 
the connections. Only the electrodes, hftung 
Magnets, and steadving resistance ate in 
circuit, and these are connected directly in 
senes. The lamp is equipped with leading- 
in cables on account of the fumes which 
might accumulate and ground metal binding 
posts on the lamp top. 


ne eS 
¥ 82, 2169 Muae Zeun 
416 tt 8 at ame. ewe eters. 

al nse a, See tet LIST UL 
s? “p 4s of a ale 36 oe ate 

' oa =a 

~ “40% el cr ee oe rT 
“ay te Ams + Sse fet wiehesst 

' +40" 

? “ps ey $ “or 2 veveeanwe 08 eF vas. 
77> "fy & he % Voce - r- ir, 

. 

wees ayy jee OF a GS arrceve UL 

- . 
seg? 405 arrteee 8 enc lenet |r: 


Carve Wurcniidg Phinametric Compariaon 


wt) the 4 atpere magnetite arc, Even with 
theclerreauel wattaye the increase of candle- 
power ta noticeable, The characteristic dis- 
tribaition of the metallic flaming are, with its 
axon iteraty near the horizontal, is 
well known This natural distribution can be 
Changed to meet other street lighting require- 
ments by the ave of correctly designed con- 
centric wave reflectors, as 1s plainly shown 
in these photometric curves. 

Four amperes and 7 volts at the are will 
be the standard adjustment for 110 volt cir- 
euits. Special windings: for 4.5 or 5 amperes 
can he furnished, if required, but the elee- 
trodes give shorter life when operated at the 
higher current. 
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the turning of the lower 
and can be easuvy emptied at each 
trimming. Some of the fumes go through 
the draft tube and wat into the air. thus ren- 
dering the use of the lamp obtectionable for 
ceftain indoor instalations. where such fumes 
weuid be deletenous. The lamp is specially 
recommended for the iighting of foundries. 
machine shops. train sheds. freight houses. 
freight vards, drill halls. and nding acad- 
emies, or in general. for the lighting of large 
areas where the fumes are not noticeable. 

It is imperative that this lamp be so con- 
nected that the composition electrode is 
negative. To facilitate the correct con- 
nections being made to the circuit, the lamp 


awar 
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top is plainly marked “ positive” and 
negative "’ above the respective leading-in 
cables. 


Should the lamp be operated with the 
copper electrode negative, it will burn with 
a low efficiency copper arc, which will con- 
tinually rupture itself. Such operation will 
cause a very rapid disintegration of the cop- 
per electrode, as well as a general abuse of 
the operating mechanism. 

Modifications of this lamp are suitable for 
220 volt multiple, and multiple series power 
circuit operation, These lamps will be de- 
scribed in a later issue of the GENERAL 
E.ectric Review, 
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THE ELECTRIC HEATING SITUATION 


By E: EL: 


The summer has shown a_ substantial 
wivaneement in making popular the use of 
electme heating devices, which is not only 
apparent from the increased sales recorded, 
but is further made evident by the growing 
sontidence shown by the central station 
men in their ability. to sell the devices to 
their custemers 


CALLAHAN 


to have a boy peddle out a hundred irons 
and accept the increased) revenue, but as 
for planning for the business and ats future. 
they were “ too busy to give it much thought,” 
or had been ‘changing the plant over to 50 
cycles;"’ or again, they had been” busy on the 
new plant in order to carry the present 


load over next winter's peak." 


Fig. 1. Demonstration Room of the Milwaukee Electric Railway & Light Company 


Last veur, and the year before, the General 
Eico tne Company sold heating devices to their 
ustomers for the first time. In many cases 
the customers took the word of the sales- 
‘uanm that a very profitable revenue could 
‘e obtained from handling this class of 
apparatus. and they were not disappointed 
mn the protits derived from their flat iron 
However, few if any of these 
central station men thoroughly grasped the 
stuation, for they had not as then realized 


+) 


‘lat there was a great future for them in 


Tusiness 


heating deviecs. They were willing enough 


With the exception of a very few stations, 
the subject of installation, svstemati ad- 
vertising, and the establishment of rates 
has just begun to be threshed out 

My criticism of central station progress 
may seem to contradict the statement made 
above of substantial advancement, but to 
one who has studied the progress of electric 
heating for some time, there is every reason 
for taking an optimistic view of the situa- 
tion; for, even if a very small bevinning has 
been made on the whole. it is a vood bevin- 
ning Central station managers have learned 
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that heating devices cannot be sold over 
the counter hike so much sugar: on the con- 
trary. the majonty of them are convinced 
that it will pay to employ expert heating 
salesmen to lay out well formulated plans 
for this end of their business. The electric 
heating manufacturing companies are to 
be congratulated on the good results obtained 
under trving circumstances: for not only 
the central station man has had to be won 
over before he could be induced to buy 
devices not actually necessary to his busi- 


cuit central stations that have not placed 
initial orders; some are discouraged and have 
done nothing further, while others have forged 
ahead and have obtained results which have 
more than justified the heavy expenses 
incurred in establishing the business. There 
is an atmosphere of development and of 
pushing ahead pervading these backward 
stations, and if for no other reason than to 
follow the example of their older and wiser 
brothers, they will break away from this 
conservatism and former unprogressiveness 


Fig. 2. Exhibit at Oklahoma State Electrical Convention, Oklahoma City 


ness, butit has been hard to hold the customer 
and his interest when the field was so large 
that the demand was beyond the capacity 
of the factory to supply. With a product 
more casily standardized, we are led to 
believe that this handicap will soon be 
removed. 

A most prosperous year for 1908 may be 
looked forward to, for the heating business 
throughout the country is in a_ healthy 
condition. There are but very few dav cir- 


Full credit cannot be taken by the central 
station men for the good results in business 
obtained from the use of heating devices, 
for the General Electric Company has been 
instrumental in educating the public, through 
extensive advertising in magazines, technical 
papers and bulletins, to new and novel 
applications of electricity. Much data has 
been published, giving convincing results 
and cost of operation; and showing the prac- 
ticabilitv for every dav use of electric heating 
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devices. The result of this has been to 
attract the public eye, and to excite curi- 
osity and requests for more information, 
with the further outcome that central station 
customers are much more willing to give 
electric heating a trial. 

One of the most important things to be 
observed by a salesman or solicitor is the 
close following up of a prospective customer; 
if this is not done, hard earned advantage 
may go to a competitor, or the customer 


heating devices are under obligations, from 
a business point of view, to keep the custom- 
ers satisfied. 

The writer considers that we have not 
progressed far enough along into the heating 
business to fully judge of the field, but that 
it is large there is no doubt. For instance, 
the problem of furnishing electrically heated 
water in the summer time for bath and 
kitchen purposes, has scarcely been solved 
by the manufacturer, and not at all by the 


Fig. 3. Exhibition Room of Grand Rapids-Muskegon Power Co. 


may lose interest, and it may not be possible 
to again arouse the necessary enthusiasm. 
‘Following up”’ likewise means to find out 
and remedy troubles that may have been had 
with apparatus; for, with the best designed 
and constructed apparatus, little difficulties, 
real and imaginary, will occur; very often 
through ignorance on the part of the 
one who uses or installs the device. People 
should not be allowed to use things ignor- 
antly; the persons who are interested in 
inducing the public to use and enjoy electric 


central station man. We must help the 
latter determine the best practical method 
of providing his customer with a “ readiness 
to serve’’ power, of from 5 to 15 kilowatts. 
He must make it an easy matter to install 
complete kitchen ranges or outfits; manu- 
facturers in his town will want to use glue 
pots, electric air heaters, pressing irons, 
soldering irons and special applications of heat, 
and the central station must make it possible 
for them to get the power readily; in other 
words, he must go after the heating business. 
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I could name a score of central station 
managers who have told me, with consider- 
able boasting, that they have made a canvass 
of their likely customers, with the result 
that an iron has been placed in one out of 
every ten homes. They seemed perfectly 
well satisfied to drop aggressiveness in push- 
ing for further sales, taking it for granted 
that the remaining 90 per cent. would never 
think later of following the example of their 
neighbors. Then there are some of our good 
friends who ‘skim the cream" of their com- 


through the use of a demonstration wagon 
shown in the cut above. The arrival of this 
wagon Was announced a day in advance by 
postal or letter, and the demonstrator would 
cook and iron, with a good audience at each 
stop 

One Chicago supply salesman, ino lowa 
alone, has induced nine small towns without 
day circuits to operate this summer on Tues- 
days (ironing day), with the result that 
they find it a paving proposition which will 
soon make it lucrative to operate every day 


Fig. 4, Demonstration Wagon at Webster Grove, Missouri 


munity and pay no further attention to 
keeping the devices sold in working condt- 
tion, condemn the manufacturer, and turn 
to another and another; until the customer, 
and they as well, are dissatisfied, and can 
see nothing ino electric heating 

In such a city or town one would see a 
lack of lamp renewals, and plenty of reasons 
for dissatisfaction on the part of the con- 
sumer. Such a central station man needs to 
learn that a satisfied customer helps ao public 
corporation pay dividends 

There are central stations, however, that 
contrast sharply with the ones we have had 
Webster 


heating business lus heen obtained 


in mind. At (roves, Mitssourr. 


nach 


in the weck. Each of these towns now 
have from fifty to one hundred and _ fifty 
Hat irons, which have been placed in service 
since about July Ist. <At Washington 
lowa. fiftv irons were put out on approval 
in one day: forty-one of them stayed in 
service, and several of the nine customers, 
who returned the irons then, came back for 
them later. The superintendent of — this 
plant savs he cannot see that this flat iron 
trade has affected their gas business in the 
least. Their customers, and customers in 
other towns, have increased their bills for 
current by amounts of from forty cents to 
one dollar, but all seem to be perfectly willing 
to incur the added expense for the con- 
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veniences provided by the electric current. 

In another small town in Iowa, the gas 
and electric company would not handle the 
the irons; a local plumber then bought fifty 
irons, and sold all of them at $5.00 cach. 
We hope that the central station will not be 
outdone by the plumber next summer, but 
that it will help him place more current 
consuming devices on its lines. The rate 
charged is 15 cents per kilowatt hour, and 
the lighting company realizes that the revenue 
derived from the use of flat irons is nearly 
all clear profit. 

The reader's attention is called to the load 
curves above, where Curve 1 shows the kilo- 


Curve 1 


watt load over a period of 12 hours, from 
6 am. to 6 p.m., for February, 1907, in 
a city of 19000 inhabitants. Curve 2 
shows the load for the following August, 
after one hundred and twenty-five flat irons, 
(the equivalent of eighty-four horse-power) 
and one hundred horse-power in motors had 
been installed on the circuit. The writer was 
very glad to get such a good illustration show- 
ing the desirability of installing electric cook- 
ing apparatus to make the curve more nearly 
approach the ideal straight line. 

At conventions central station men have 
discussed the effect of this cooking load on 
their lines, and the majority of them believe 
that the station peak will not be increased 
in summer, and not to a prohibitive extent 
in winter. It seems, from the curve of Figure 


2, that in this particular town it would be 
very desirable to have a cooking load of at 
least fifty kilowatts, to correct the curve; 
this would represent some twenty-five or 
forty families using electricity exclusively 
to cook with. The advisability of carrying 
a cooking load above this value would 
depend upon the ability of the plant to carry 
load above its present peak. With the ex- 
ception of baking, nearly all cooking is done 
between the following hours: 


Breakfast 5 to 7:30 a.m. 
Lunch 11 to 12:30 p.m. 
Dinner 5:30 to 7 p.m. 


Curve 2 


with dinner usually at noon in the smaller 
towns. 

The reader is referred to the October 
number of the Review for data on current 
consumption for cooking for a family of three. 

Central station men need all the help the 
manufacturers can give them, and they are 
glad to see the salesman when he calls, 
for they expect to hear the news —- to learn 
of new developments and experiences of 
other stations. I am aware that the greatest 
help the manufacturer can render the central 
station man is to make him prompt deliv- 
eries of apparatus; and next in importance 
to this is to secure for him men who are 
expert heating solicitors, who will spend a 
month or two in organizing his heating depart- 
ment, and in training men to carry on the 
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business along the lines mapped out by him- 
self. The writer hopes that the General 
Electric Company will soon be able to furnish 
a number of such expert solicitors to central 
stations at reasonable salaries, so that they 


over the center of the street, due to an angle 
in the latter, and can be seen from far and 
near, 

Central station managers are spending 
much money in fitting up attractive demon- 


Fig. 5. Corn Carnival Exhibit of the Oklahoma City Gas ©& Electric Co. 


can carry on their heating business in an 
intelligent and aggressive way. and thus 
gather in some of the profitable revenue 
that is waiting for the wide-awake ones. 

I know of some stations that would be 
compelled to discontinue their day service 
if they were deprived of their electric heating 
load, and it is gratifying to know that the 
central station managers throughout the 
country are planning to get all the electric 
heating business they can. In a letter from 
a local lighting company at Adrian, Mich., 
the manager states that they have erected 
on the roof corner of their building, a seven 
foot electric sign which reads, '* Now is the 
time to use electric flat irons,"’ and in the 
space between the words “‘flat’’ and “irons,” 
a General Electric flat iron is represented 
in outline by two-candle-power incandescent 
lights. This sign happens to stand directly 


stration and exhibition rooms, in order to 
show their customers electrical conveniences 
in operation. They consider money spent 


Fig. 6. Six Room Cottage Completely Equipped with Electrical 
Devices, in Display Room of Union Electric Co., 
Dubuque, Ia. 
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in this way well invested, with the belief 

that it will bring them abundant returns 
The domestic department of 

women's clubs is enthusiastically taking up 


science 


with the result 
that their heating business is greatly increased 


and attractive exhibits, 


Another article will appear in a subsequent 


issue of the 


REVIEW, containing several 


Fig. 7. 


and advocating cooking by electricity, and 
in many cities the local hghting companies 
co-operate with these clubs by furnishing 
lectures and demonstrators, as well as space 


Exhibit of Electrical Devices, Dubuque, Iowa 


lecture 
attended sessions have 


illustrations of demonstration and 
rooms, where well 
been held, and much interest shown in the 
display and operation of heating devices. 


bee coces ere 


Fig. 8 Electric Sign on Roof of Local Lighting Company, Adrian, Mich. 
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TRANSIENT ELECTRIC PHENOMENA * 
PART I 


By Dr. C, P. Steinmetz 


When electric power flows through a cir- 
cuit, power is consumed in the conductors 
of the circuit by their resistance; and this 
loss of power takes place as long as the cur- 
rent flows, and equals i*r; where r is the 
resistance of the conductor. Accompanying 
the flow of power through the circuit, a 
magnetic field, and also an electrostatic field 
exist in the space outside of the conductor; 
these are essentially as much a part of the 
phenomenon as the loss of power in the 
resistance. The lines of magnetic force sur- 
round the conductor in closed circuits; the 
lines of electrostatic force radiate from the 
conductor and terminate in the return con- 
ductor. The magnetic field is proportional 
to the current, and equals iL- -where L is 
called the inductance of the circuit. The 
electrostatic field is proportional to the volt- 
age, and equals eC--where C is called the 
capacity. 

No power is consumed in maintaining the 
magnetic or the static field, but energy ts 
required to produce them, and this energy 
is stored in the space outside of the conductor 
as magnetism, or as electrostatic stress; 
and is returned, or dissipated, when the mag- 
netic, or static field is destroyed. 


oo 
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The magnetic energy is 3 the static 
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energy , just as in a moving mass the 


: _ vm 
mechanical energy is > 


In an alternating current circuit, where 
current and voltage periodically vary, the 
stored energy of the electric field also varies; 
its Magnetic component reaching a maximum 
at maximum current, and its static com- 
ponent at maximum voltage, 

Since the flow of current necessitates 


* Lecture presented before the Schenectady Section, AI.E.E., 
October 18th. 


storage of energy as magnetism, it follows 
that a current cannot start and reach full 
value instantly —just as a fly-wheel cannot 
instantly reach full speed. The current, 
when closing an electric circuit-—like the speed 
of a fly-wheel—starts from zero and gradually 
rises to full value; and during this period of 
acceleration, not all the power which flows 
into the circuit is delivered at the other end 
or consumed by the resistance, a part is 
stored as magnetism, For the same reason, 
a current cannot stop instantly; its mag- 
netic energy must first be dissipated or 
returned to the electric circuit, just as a 
fly-wheel cannot stop instantly. Just as an 
attempt to instantly stop a fly-wheel, by a 
rigid obstruction, results in the momentum of 
the fly-wheel exerting a practically infinite 
force upon the obstruction—that is, in break- 
ing it—so the attempted instantaneous stop- 
page of the current, and thus the instantane- 
ous dissipation of its magnetic energy, would 
induce an infinite e.m.f. in the circuit, that 
is, would result in disruption. 

Therefore any change of current due to a 
change of circuit conditions, is not instan- 
taneous, but gradual; there being a transient 
period during which magnetic energy is 
stored—if the current be rising,—or returned 
to the circuit—if the current be decreasing. 
During this transient period the current has 
not the normal value that would correspond to 
the circuit conditions, but there is a transient 
term of current which connects the previous 
value of current with the value of current 
that follows after and that corresponds to 
the changed conditions, 

If then in a circuit carrying current i,. 
the conditions —such as resistance, voltage, 
etc.—are suddenly changed so as to produce 
a current i,, the actual current i does not 
instantly jump from value i, to value i,, 
but gradually approaches it; first rapidly, 
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and then slower, as shown in Fig. 1. In- 
stead of saying that during this transient 
period the current does not have the normal 
value i,, but has the value i, we can say 
that during this time the current in the 
circuit consists of the current i, plus the 
current i, = i—i,, hence we have: 
i=i, +i, 

the current i, is produced by the impressed 
voltage of the circuit. The current i, there- 
fore, has no voltage back of it, but is merely 
a survival of the change; it results from 
the fact that at the moment of the change, 
the current in the circuit is different from 
what it should be to correspond with the 
changed conditions; and consequently this 
current i, gradually dies out, that is, it may 
be called the ‘transient current of change 
of circuit.” 

If the impressed e.m.f., and therefore the 
current, are alternating (as in Fig. 2), and 
if at the moment of a change of the circuit, 
the current has the instantaneous value i,, 
but should by reason of the changed condi- 
tion of the circuit, have the value i,, then 
the actual current i will gradually approach 
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the normal current curve I, from the previ- 
ous value i,. That is, it consists of the two 
current components I, + i where I, is 
the alternating current produced by the im- 
ptessed e.m.f. under the new circuit’ con- 
ditions, while i, is the dying out of the differ- 
ence i, —i,, with no voltage back of it; 
that is, it follows the same curve as in Fig. 1. 
In other words, the transient current i,, 
merely depends upon two things; first, the 


discrepancy between the actual current i,, 
and the current i, which should exist after 
the change; and, second, upon the circuit 
conditions. It does not depend upon the 
character of the power flow, whether continu- 
ous or alternating; it has no voltage back of 
it, and can be investigated as current flowing 
in the circuit at zero impressed e.m.f. 


Fig.2 


The change of current with a change of 
circuit conditions, that is, the readjustment 
of the circuit to the changed conditions, 
-—-which is the dying out of the transient 
term i,- is the slower, the higher the induc- 
tance L of the circuit and the greater the 
difference between the previous value i, of 
the current, and the after value i,. that is, 
the more magnetic energy there is to be 
stored or returned. Hence, in a_ highly 
inductive circuit, as a motor field, it may 
require several seconds before the current 
becomes normal; while in a practically non- 
inductive circuit, as in an incandescent lamp, 
the change is practically instantaneous. If 
at the moment when the change in the cir- 
cuit occurs, the current which should flow 
in the circuit, under the changed conditions, 
happens to be of the same value as the current 
actually as for instance, at the point 
x in Fig. 2—no transient term appears, but 
the current immediately follows the normal 
value. 

Upon closing an alternating current circuit 
at that moment of the e.m.f. wave when the 
current should be zero, no transient term 
appears; while upon closing the circuit at 
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the moment when the current should be 
maximum, the transient term is a maximum 
since the actual current is zero. 

These transient currents are rarely of 
practical importance as currents, but their 
importance lies in the voltage which may 
be produced by them, especially in the ex- 
treme case when the current is decreased 
to zero, that is, upon opening the circuit. 

When opening a circuit, the stored magnetic 
energy must be dissipated during the opening 
of the circuit, or, while the current is decreas- 
ing to zero; and if we attempt to open the 
circuit instantly, that is, infinitely fast, the 
magnetic energy must be dissipated at an 
infinite rate, t.¢., at an infinite e.m.f. The 
faster an electric circuit is opened, the higher, 
therefore, is the e.m.f. induced at the opening 
switch by the decreasing magnetic field of 
the circuit; and if the magnetic energy is 
considerable, as in the case of a motor field, 
and the circuit is opened with a quick-break 
switch, the induced voltage of the magnetic 
field discharge may easily reach disruptive 
values. 

Where the currents are very large, and are 
normally of high voltage, as in high power 
alternating current systems, a sudden open- 
ing of the circuit is liable to be destructive, 
if it does not take place at the zero point of 
the current wave; that is, at that point where 
no transient term appears. A break in open 
air, with a long flaring arc, is dangerous in 
this respect, in that the arc frequently has 
a tendency to rupture when near the maxi- 
mum value of current, thus giving disruptive 
induced voltages. Thus the transmission 
and distribution of very large power has 
become practically feasible only by the devel- 
opment of the oil switch, which has the char- 
acteristic of opening the circuit at the zero 
point of the current wave, due to the opening 
occurring through an arc at high vapor 
pressure—that produced by the momentum 
of the oil column, 

In addition to that stored in the magnetic 
field, energy is also stored by the electric 


circuit as electrostatic energy, by the elec- 
trostic field of the circuit; or as is usually 
said—in survival of the ancient theory of 
electricity as a fluid—by the electrostatic 
charge of the conductor. 

In most circuits, such, for example, as the 
low voltage lighting circuits, the 550 volt 
direct current railway circuit, and the 2200 


volt alternating current distribution circuit, 
? 
, is so small, 


: P i7L 
compared with the magnetic energy ——s 


the electrostatic energy, 


-_ 


that the former can usually be neglected 
(except when dealing with extremely high 
frequencies, as in lightning) and the circuit 
considered as having resistance and induct- 
ance only, and no capacity, that is, as 
storing energy only magnetically. 

The static energy is comparable with the 
magnetic energy, or of the same magnitude, 
in only two types of circuits: 

1. The long distance high potential trans- 
mission lines, or high potential underground 


cable systems. Here the voltage e is so high, 
2 
‘ e*C . 
or the capacity C so great, that > 3s of the 
‘7 


¢ 1 . . 
same magnitude as , that is, in overhead 


lines of 30,000 volts and over, and in under- 
ground cable systems of 6,600 volts and over. 
2. The telephone circuit. Here the cur- 


rents are so small and the frequencies so high 
2 2 


i?L. : 
that , is of as low magnitude as 


— ~ 


The long distance transmission line and the 
telephone circuit thus show many similarites 
in their electric phenomena, resulting from 
the storage of energy in two forms, as magnetic 
and static; the effects obviously are vastly 
different, due to the negligible power in the 
one type of circuit, and the very large power, 
high voltage, and large current in the other 
type of circuit. 

In these circuits in which energy is stored 
in two forms, statically and magnetically, 


TRANSIENT ELECTRIC PHENOMENA 41 


any change of circuit condition usually 
requires a readjustment of both forms of 
energy. That is, two transient terms exist, 
one resulting from the change of current 
from the value i, (corresponding to the 
previous conditions), to the value i,, required 
by the changed conditions; the second 
transient term corresponding to the change 
of e.m.f. from e, to e,, or of electrostatic 
charge from q, to q,. 


Fig.3 


For instance, if in Fig. 3, i is the current 
and q the electrostatic charge, and thus the 
seltage of the circuit; and if the circuit is 
elosed at the moment marked x; at this 
moment the current should be i,, but is in 
reality zero; and the static charge should 
‘e q,. but is also zero. Thus starting from 
tro at x, the actual current and voltage 
gradually approach the permanent values 
1, and q,; hence they can be considered as 
symsisting of two terms: 

imi, + i, 

q=4, +4, 
where i, and q, are current and static charge, 
produced by the impressed e.m.f. under 
normal circuit conditions, and i, and q, the 
transient terms of current and static charge, 
Sacked by no e.m-f., and consequently gradu- 
av dving out. 

If the circuits are closed at that moment 

where the current is zero, a transient 
turm would still appear, due to the voltage, 
whih at this moment is not zero; and if 
the cireutts are closed at the moment z of 


zero voltage, the current, which is not zero, 
produces a transient term, Therefore upon 
closing (or opening) such a circuit, contain- 
ing inductance and capacity, the transient 
term can only disappear if both current and 
voltage pass zero at the same moment; that 
is, if they are in phase, or the circuit in 
resonance condition. The disapperance of a 
transient term would therefore require that 
capacity and inductance of the circuit have 
such values as just to neutralize each other, 
and also that the circuit be closed at just the 
proper moment of the wave; and since the 
coincidence of so many conditions is highly 
improbable, it can be said that in general: 
“in a circuit containing inductance and ca- 
pacity, upon closing or opening the circuit, 
or in any other way changing the circuit 
conditions —as by a change of load--a tran- 
sient term always appears, due to the read- 
justment of the magnetic energy or the 
static energy, or both.” 

If the circuit is closed at the moment y, 
where the current should be zero, the mag- 
netic field of the current produces no tran- 
sient term, but the electrostatic field of the 
voltage does. The transient term (Fig. 3) 
produced by the latter, however, comprises 
not only voltage, but current also. At the 
moment of closing the circuit, the static 
charge on the conductor should be q,; it 1s, 
however, 0. That is, the circuit represents 
an uncharged condenser thrown across the 
e.m.f., and in the first moment, the con- 
denser acts as a short circuit on the supply 
voltage. That is, short circuit current rushes 
into the condenser and charges it to the re- 
quired voltage e,.  .At the moment where the 
condenser is charged to its normal value, the 
charging current still is excessive, and con- 
sequently its Maynetic energy is also excess- 
ive; hence, it cannot instantly disappear, 
but continues flowing into the condenser, 
thus overcharging it. until all the magnetic 
energy of the current has been stored as 
Static energy in the condenser, charging it 
above the voltage which it should have, that 
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is, to about twice line voltage. As soon as 
the current has been stopped by the rising 
counter e.m.f. the latter begins to discharge, 
causing a reverse current to flow. This 
current is a maximum when the condenser 
has discharged down to its normal voltage; 
the current continues to flow, discharging the 
condenser, and again causing the current to 
reverse and to recharge, and so on. 

The same phenomena appear when closing 
the circuit at zero e.m.f. (point z of Fig. 3). 
At this moment the current should have the 
value i,, but instead, is zero, and so a tran- 
sient current appears. This, flowing into the 
condenser, charges it to_a voltage beyond the 


dissipated with a large resistance, and if the 
latter is sufficiently high, the surge of energy 
may not develop at all but the energy be 
dissipated in the resistance during the first 
transfer from magnetic to static energy, or 
the reverse. 

We may compare a circuit, containing 
resistance and inductance only, to a pipe 
line through which water flows; and a circuit 
containing capacity in addition, may be com- 
pared to an open trough. In the water pipe, 
energy is stored by the momentum of the 
moving water only. When opening the 
pipe, the water does not immediately rush 
out with full velocity, since the water column 


normal, causing the reverse discharge current 
to flow, with its accompanying phenomena 
outlined above. 

Thus, in the case of inductance and 
capacity, the adjustment of the circuit 
at a change of conditions does not occur 
gradually, but is effected by a series of 
oscillations (shown in Fig. 4), during which 
the energy surges between magnetic and 
static energy until it is gradually dissipated 
in the resistance. These oscillations, repre- 
senting the adjustment of the circuit to the 
changed conditions, last the longer the greater 
the inductance and capacity—that is, the 
greater the amount of energy stored. On 
the other hand, these oscillations die out the 
faster the greater the resistance of the cir- 
cuit: the energy is therefore more rapidly 


has first to be set in motion, and this con- 
sumes the pressure. When the opening is 
reduced, the flow does not fall off imme- 
diately, because the momentum of the moving 
water column (the magnetic field) supplies 
sufficient pressure at the first moment to 
keep up the same flow of water through the 
reduced opening. This momentum gradually 
gives off its energy, and the water slows down 
to normal conditions of pressure and flow, cor- 
responding to the reduced opening. If we 
suddenly close the opening and stop the flow, 
the pipe is liable to burst, just as the insulation 
of an inductive circuit is liable to be punctured 
if the circuit is abruptly opened, and the 
current stopped, 

If, in an open trough or canal, we suddenly 
open the gates, the water rushes in at full 
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head (the short circuit current), and fills the 
trough. Due to its momentum (the mag- 
netic energy), it continues to flow, and so 
raises the water level above the normal (over- 
charges the capacity), to twice its height 
before it stops, if there is no frictional resist- 
ance; the current then rushes out again, 
empties the trough, rushes in again, and thus 
in a number of oscillations, or waves, grad- 
ually comes to rest at normal height and 
normal current. If, however, the resistance 
is very high, due to a long and narrow channel, 
the water never reaches such velocities when 
filling it, as to raise the level beyond normal; 
that is, no return flow or oscillations occur, 
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just as no oscillations appear in an electric 
circuit of very high resistance. 

When closing a circuit containing induc- 
tance and capacity, the capacity during the 
first moment acts as a short circuit on the 
supply voltage; that is, the current i rises 
at the same rate as the short circuit current 
i, (Fig. 5). This current i, however, does 
not last throughout the whole period of 
impressed e.m.f., as does the short circuit 
current i,, but stops when the condenser is 
charged; t.¢., when it has stored the energy 
e*C 

a 
with current i, and when fully discharged, 


it has given off all its energy to the current, 
ae ; i’ 
where it is stored as magnetic energy “9 


The condenser then discharges again 


During the oscillations, the static energy 


2 . 
must therefore be equal to the magnetic 
energy ; or 

VC VL 

= (1) 

2 2 

and the current i rises at the same rate as the 

short circuit current i,; hence we have, 
from Fig. 5 


where T=duration of one half wave ot the 
oscillation, and T,=duration of one-half 
wave of the supply voltage: that is 


T N, 
TN’ and thus 
oe 2) 


where N, impressed frequency, and N= 
frequency of oscillation. 

The short circuit current of a system, when 
neglecting resistance, is, however . 


._€ =e ¢ . 
te x Qe NAL (3) 


where x = 2" N,| L= reactance: 
Hence 


ne | 
e 2rN L 


and, by combining this with (2) 
i 1 
e 2"NL G4) 


From (1) it follows that:— 
tye C . 
( e ) “i (6) 


hence, by substituting (5) in (4) we get:— 


1 


* 2eVLC (6) 


= frequency of oscillations. 
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In a long distance transmission line, with 
distributed capacity and inductance, due to 
the difference in phase of the different parts 
of the line, the resultant capacity and induc- 
tance, or the arithmetical means of a half 


9) 
cycle, ~ C and > L, have to be used instead 
rT T 


of C and L, and equation (6) then assumes 
the form: 


1 
N= , 7 
4VLC ” 
we have then, from (4): 
. Cc 
= Ss 
or: 
= «Ps ‘ 
= 8] 
e "\ c ( ) 


the equations relating the transient term of 
current, i, and of e.m.f., e. 

That is: if e=e, is the supply voltage, the 
oscillating charging current is given by 
(8) as:— 


: 1c 
im ONT, 


If i, =the instantaneous value of the short 
circuit current, and the short circuit is 
suddenly ruptured, thus causing an oscilla- 
tion, the e.m.f. of this oscillation is given 
by (9) as:— 


e= i, \ 
or, by (3): 
e= ec, L = — €o 
a 2eN WLC 
where e, = impressed e.m.f., N, = main 


frequency. 


The latter e.m.f. may reach enormous 
values. 


It thus follows, that whenever in an elec- 
tric circuit a change of circuit conditions takes 
place, the corresponding adjustment of the 
stored energy of the circuit occurs by a 
transient term which, if the circuit can store 
energy in one form only, is a gradual approach 
from the previous to the changed conditions. 
If, however, the circuit can store energy in 
two different forms, magnetically and static- 
ally, the transient term usually consists of a 
series of oscillations, which gradually die out 
by the dissipation of their energy in the 
resistance of the circuit. 

Some causes of such change of circuit 
conditions are: 

1. Change of load, as starting the cir- 
cuit, opening it, or short circuiting it. 

2. Abnormal currents entering the cir- 
cuit, as by electro-magnetic induction from 
a lightning flash parallel to the circuit; or 
a short circuit on a parallel line; or abnor- 
mal voltages entering it, as by static 
induction from the clouds. 

3. Sudden changes of static charge on 
the circuit, as by spark discharges, or 
arcs from the circuit to the ground or to 
other conductors. 

The latter class of disturbances has the 
tendency to become recurrent, since the 
spark discharge from the circuit is usually 
the result of a defect in its insulation, and 
during the oscillations caused by it, the vol- 
tage of the circuit doubles, and at this in- 
creased voltage a second discharge takes 
place, etc.; thus the disturbance may continue 
indefinitely. 

Some of the more interesting cases of such 
transient phenomena will be discussed in a 
later paper. 
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OPEN VERSUS ENCLOSED AND SEMI-ENCLOSED 
CAR LIGHTING* 


By G. H. Stickney 


REPRESENTING W. D'A Ryan 


The primary purpose of lighting a car 
is to provide for the comfort of the passen- 
gers, and it is with this end in view that the 
skill and experience of illuminating engine- 
ers are enlisted. Considerable attention has 
been given recently to the subject, and 
numerous suggestions and changes have been 
made, but there still seems to be room for 
improvement, 

In taking up any lighting problem, the 
physiological aspect should never be lost 
sight of, for it is necessary to consider the 
eyes of the people who are using the light. 
Outside of the questions of ventilation and 
heating, the only way in which the light- 
ing affects the passengers is through their 
eves. Perhaps the most common defect 
in car lighting is the glaring effect of lights 
of high intrinsic brilliancy. This is particu- 
larly noticeable to a passenger when he is 
occupying one of the rear seats, so that there 
is a line of lights in front of him which comes 
within his range of vision and shines in his 
eyes. Of course, the low decking of the car 
makes it necessary to locate the lights rela- 
tively low, so that the lamp is unavoidably 
within sight. The light enters the eye at 
such an angle that the physical properties 
of the eve render it incapable of protecting 
itself. This point is illustrated by snow 
blindness, which affects the eye, not because 
the intensity of the light is stronger than the 
light which comes from above, but because 
it enters the eye from a direction at which 
the eye is powerless to shield the optic nerve. 

Now, the intrinsic brilliancy of a light 
source may be defined as the intensity of 
the light divided by the area of the source; 
that is, if we have two lights of equal inten- 


eA paper read before the Western Railway Club, Chicago, 
on Sept. 17, 1907. 


sity, that one which has the smaller area is 
the more brilliant, and is the one which will 
produce the greater tiring effect on the eyes. 
If we can enlarge the area of the light source, 
and without changing its volume, make the 
light come from a large surface, you can 
see immediately that it will be much easier 
on the eyes. If this dispersion be carried 
far enough, one can even look directly into 
the light without being nearly so much 
affected as by a casual glance at a light of 
great intrinsic brilliancy. Fortunately, in- 
creasing the source of light produces 
several other improvements, It improves 
the diffusion of the light around bodies, cuts 
down harsh shadows, and aids in making 
distribution over all points equal in inten- 
sity. It is very unpleasant, when reading, 
to have the lights situated so that the shadow 
of one’s head, for instance, comes directly 
on the page. I think passengers have been 
troubled with this defect quite seriously. 
Now, to come to the question of proper 
intensity. In nearly all illuminating en- 
gineering problems we find quite a wide 
range of variation in opinions among those 
who are using the light, as to the intensity 
of light that is necessary in order to per- 
form a certain work, or to see with a certain 
degree of fineness, Outside of the require- 
ments of different conditions, this variation 
of opinion necessitates our making an ex- 
tended study of the subject in order to 
determine an intensity which is a com- 
promise between the desirability of strong 
illumination and the matter of cost. For 
economic reasons the intensity of artificial 
illumination almost always falls far below 
that of daylight. In car lighting there is 
a demand for quite a variation of intensity 
in a single car; for instance, a person who 
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is reading requires considerable intensity 
of illumination, while another person, who 
is whiling away his time and trving to sleep 
or rest, would prefer a relatively low inten- 
sity. So, outside of the cost of illumination, 
we desire to secure easy reading with as low 
an intensity of light as possible. This condi- 
tion is also facilitated by properly diffus- 
ing the light, 

About a year and a half ago, in connec- 
tion with lighting one of the large stations 
of the country, Mr. Ryan ran a series of 
experiments for one of the railroads, in 
which he lighted a high room by are lamps 
suspended in the top of the room, and also 
by are lamps concealed so as to reflect the 
light on the roof, and then downwards into 
the room, no lamps in this case being visible. 
Of course, the latter method was a great 
deal more extravagant of light, but a com- 
mittee of railroad officials who looked at the 
installation decided that the diffused illum- 
ination, which was only two-thirds as intense 
as the direct Hlumination, permitted them 
to see objects and to read more easily than 
the direct illumination, while the general 
effect was much more pleasant. 

Another quality of illumination which 
should be considered in) connection with 
the eves is the color of the light. It ts not 
absolutely essential that the light should be 
perfectly white, or daylight in color, but it 
should approximate this color as nearly as 
possible; and if there is to be a variation, 
it should be in the direction of the warm 
colors; such as yellow, for instance, to which 
people are accustomed, both in their ordinary 
indoor lighting and in the waning of day- 
light. The eve has been developed to its 
present state through the action of davlight, 
and to some extent through the action of 
artificial lights to which the people have been 
habituated, and is therefore better able to 
perform its functions by such lights. An 
excessive distortion of color should always 


be avoided —- you could hardly expect the 


public to tolerate an extreme monochromatic 
light. 

In selecting an illuminant for a particu- 
lar lighting problem we have found it desir- 
able to make the power and capacity of the 
lighting unit bear some definite relation to 
the area to be illuminated. In a high room 
of considerable size we would use a large 
powerful unit, and in a small low room 
a correspondingly smaller unit. In cases 
of armory lighting, as an example, we make 
a practice of grouping several arc lights to- 
gether to form a single unit, while in order 
to obtain even illumination in a moderate 
sized room, the lighting unit must be rela- 
tively small. So of all the electric lamps 
available, the incandescent lamp lends itself 
most readily to car lighting. 

Within the past few vears there has been 
some very extensive developments going on 
in the construction of incandescent lamps: 
new materials have been discovered which 
have made it possible to increase the efhi- 
ciency of an incandescent lamp very con- 
siderably. Up to about the present time 
it has been necessary to use a carbon filament 
which required the expenditure of from 
three to four watts for every candle power, 
whereas it may soon be possible to use a tung- 
sten filament consuming approximately 14 
watts per candle power; that is, per horizontal 
candle power. This increased efficiency will 
be of great aid to all classes of illumination 
where the incandescent lamp is applicable. 
The tungsten lamp is particularly adapted 
to low voltage; in other words, the electrical 
characteristics of this lamp are such that it 
can be manufactured more easily for voltages 
of from 20 to 30, than for 110 volts, the 
latter being the voltage at which the ordinary 
incandescents are run, To produce the proper 
electrical resistance, the relation between the 
length and the diameter of the filament is 
The hardest thing 
that we have had to overcome in constructing 
tungsten lamps has been the brittleness of 
the material, and for this reason the short, 


the determining factor. 
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heavy laments are the most substantial and 
suitable for car lighting work. 

The great point of advantage of the 
tungsten lamp is its high efficiency as com- 
pared to ordinary incandescent lamps. This 
is due to the fact that it is possible to run 
tungsten at a higher temperature than any 
other material which has yet been available 
for the manufacture of filaments. If carbon, 
for instance, were run at this temperature 
the carbon would evaporate away from the 
filament, and in a short time the filament 
would burn out at some point and the lamp 
would be rendered useless. 

Tungsten is a metal which has a lower 
resistance than carbon, so that a longer 
and more slender filament is required for 
the same voltage, In most of these lamps 
there are two filaments connected in series, 
cach of which is about the size of an ordinary 
looped incandescent filament for TL0) volt 
circuit; while the tungsten lamps are intended 
for only 30 volts. Another advantage of 
the tungsten lamp is that with a= slight 
inerease of voltage the temperature does 
not inerease so rapidly as with the carbon 
lamp, and hence it is not so liable to be 
burned out by variations in voltage. The 
explanation of the relation between tempera- 
ture and efficiency of lamps may be inter- 
esting. When we heat a solid material. for 
instance a lamp filament, up to a certain 
temperature, no light rays are given off, 
As we inerease this temperature. we come 
to a point at which a verv dull red ray is 
emitted, and the efficiency is then very low. 
As we increase the temperature sull further, 
the material becomes brighter and brighter, 
the color becoming first yellow and then 
white. With increasing temperature, the 
percentage of useful light) ravs increases 
very rapidly. We have not as yet been able 
to produce pure white light in any incan- 
descent lamp without cutting down the life 
of the filament to such an extent that the 
cost of replacement becomes too great for 
ordinary commercial conditions. The tung- 


sten lamp, however, approaches more nearly 
to this ideal, and at the same time shows 
a correspondingly higher efficiency, In the 
electric are it has been possible to produce 
practically a white light. because here car- 
bon is maintained at the boiling point, As 
the electrode used is comparatively inex- 
pensive, it can be allowed to boil away and 
be replace] without excessive expense. The 
clectric are, however, is not adapted to the 
small units we desire to use for car lighting. 

Another point in connection with the 
incandescent lamp is the question of whether 
clear or frosted bulbs should be used. The 
light from a frosted lamp is undoubtedly 


Fig. 1. Three-light, Train-Lighting Ceiling Diffuser 


much casier on the eve than that from a 
clear Jamp, when run without a protecting 
shade, but the frosted lamp falls off in candle 
power much more rapidly than a clear lamp, 
with or without an outer shade. This sub- 
ject has been worked out theoretically and 
practically, anda number of papers have been 
written on the subject, but we have found 
it best to use a clear incandescent lamp and 
protect the eves by means of aseparate shade. 

Mr. Ryan's car lighting fixture consists 
of a steel diffusing sereen placed above a 
row of incandescent lamps, the steel being 
finished with a white enamel, so as to give 
a highly efficient: reflecting and diffusing 
surface. This design renders the lamp, to 
a large extent, independent of the finish of 
the car, whether this be dark or light, and at 
the same time permits enough light to fall 
on the deck of the car to prevent its appear- 
ing dark or gloomy. Beneath the row of 
lamps is placed a long trough shaped shade 
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of art glass. The purpose of this is to cut 
off the direct light of the lamps from the eyes 
of the passengers, and to reduce the intrinsic 
brilliancy, in order to conform to the con- 
ditions which we have previously outlined. 
This form of reflector provides a large area 
for the source with a low intrinsic brilliancy, 
so that passengers may sit in a car without 
experiencing the tiring and even injurious 
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Fig. 2. Six-light, Train-Lighting Ceiling Diffuser 


effects of a harsh lighting. It also provides 
for an even distribution of light throughout 
the car, so that no seats have advantages 
over other seats, and harsh and disagreeable 
shadows are eliminated. In constructing the 
reflector, all parts are mounted upon a light 
metal framework, which is attached to the 
deck of the car. The ornamental casting 
around the diffusing surface finishes off the 
reflector and gives it a neat appearance, anid 
also prevents an open space existing in 
which the dust and dirt would accumulate 
and spoil the appearance of the installation. 
The diffuser is of stamped steel and is made 
in sections, so that the size of the unit may 
be varied for different conditions; for in- 
stance, in the body of the car a long reflector 
may be used varving anywhere from about 
two or three fect up to the entire length 
of the car. This design was made to provide 
flexibility, in anticipation of the likelihood 
that it might be desirable at some time to 
use One continuous reflector for lighting the 
ear. The designs, as adapted at present, 
are merely the oval and the oblong shapes. 
The shade is a trough of art glass, which con- 
ceals from view the separate individual 
lamps. When it is desired to turn down 
the light, or reduce the intensity, part of 


the lamps may be cut out without its being 
noticeable that some of the lamps are not 
lighted. Each fixture is just one general 
source of illumination, whether all or only 
part of the lamps are in service. The dimen- 
sions of the light reflector are 48 inches long 
by 20 inches wide, and 10 inches deep. The 
weight of the reflector as constructed is 
about 37 or 38 pounds. The advantages of 
the reflector may best be stated as follows: 

1. Softness and general diffusion of light 
eliminating strong shadows. 

2. Clear bulbs can be used, thereby ma- 
terially increasing the life of the lamps and 
diminishing the initial and maintenance 
cost. It is a well-known fact that the 
difference in useful life between a clear and 
a frosted lamp is somewhere between 30 
and 40 per cent. On railway trains, particu- 
larly, frosted lamps accumulate a very large 
amount of smoke and dirt, so that the use 
of a clear bulb is a decided advantage which 
cannot be obtained by any other form of 
illumination with which I am_ personally 
familiar. For example, if the lamps are 


Fig. 3. Six-light, Train-Lighting Ceiling Diffuser, with shade 
removed showing lamps and diffusing screen 


enclosed in a prism glass globe, aside from 
the usual disadvantages of this glass, vou 
have a high intrinsic brilliancy in streaks. 

3. The apparatus can be made attractive 
in appearance, with a possible saving on 
first cost as compared with some of the 
quite claborate fixtures now used in Pullman 
ears. 
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THE NIAGARA FALLS HYDRAULIC POWER @& 
MANUFACTURING COMPANY * 


By Geo. R. SHerarp 


The design of a power station is influenced, 
first of all, by the local conditions, and that 
design which develops the water power and 
gets it from the power house in the simplest 


The original plant of the company, which 
we call our No, 2 plant, was begun in 1895 
and finished in 1900, There are several 
points regarding this plant of which I wish to 


Fig. 1. Forebay of Station No, 3 while Building 


manner is the most successful development, 
from all points of view. As engineers of the 
company, our endeavor has been to do this, 
regardless of appearances to some extent. 


* Lecture delivered before the Schenectady Section ALLELE. 
November 21, 1007. 


speak, particularly the ones which illustrate 
what should not be done in power house con- 
struction. The water for this plant comes 
through two raceways, running down into 
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the forchay. Several pipes leave the forebay 
at an elevation of about 550 ft., and run over 
the edge of the cliff inte the station, which is 
at an elevation of 340 ft., giving approxi- 
tnately 210 ft. effective head on the wheels. 
These: pipes run the entire length of the station 
in a subway. The wheels are set directly 
above the pipes, and there is a separate open- 
ing from the pipe into each wheel, which is a 
very bad arrangement. The really proper 
method is to have a separate pipe for each 
unst. 


the penstocks, forming a bell-mouth opening. 
This is the proper design for a place of this 
kind, as these bell-mouths allow the water 
to have a uniformly increasing velocity from 
the entrance to the pipe proper: that 
is to say. a uniform acceleration from the 
bay into the pipe: which. of course, means we 
lose less head thanin any other way. This 
station brings out another feature which was 
neglected in the first plants; that is, the depth 
of the forebay from the top of the water. 
This is about 15 ft. in the old plant, and 30 


Fig. 2, Generator Room, Station No, 2 


The prime feature, from the hydraulic point 
of view of the power station, is to see that 
the water gets to the water wheels and away 
again by turning the fewest possible corners, 
and any turns in the direction of flow of the 
water should be as moderate as possible, 
These corners mean a loss of efficiency in the 
water power, and im our first station T pre- 
swine we lose in this way between five and ten 
per cent, of the avaliable power, 

In the forcbay of our new station, which 
was built this simmer, the conerete has been 
curved where the water enters the mouth of 


ft. in the new. We found in the old station, 
at times of very low water and we do have 
low water at Niagara, as well as at other 
places that there was a tendency to suck 
air into the penstocks, which was very injur- 
ious to the pipes, as the air set up vibrations, 
and at times we have had grave fears for their 
safety. In each of these new pipes, which 
are 9 ft. in diameter, we have a sluice-gate, 
and around this sluice-gate there is an 18 in. 
by-pass valve. The penstocks are filled while 
the sluice-gates are closed, and the gates are 
then raised with pressure on both sides, 
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This is important in the design of a power 
house under any great head, as it is extremely 
difficult to get valves to operate satisfactorily 
under these conditions; but by placing them 
at the top of the penstock we can operate 
them under a head of 25 ft., and in case of 
necessity they can be closed under full head, 
This would be extremely difficult to do if 
they were under a head of some 205 or 210 
ft. When for any reason we want to get the 
penstocks dry, we have a drainage system 
which takes care of any water which may 
leak through the valves. We have found 
that the least bit of water falling through the 
vertical height of these pipes, 150 ft. or more, 
produces a sort of pump action, forcing cold 
air and spray into the Wheels and out through 
the man-holes, so it is almost impossible to 
get into the wheels to make repairs, or do 
cleaning. It is essential, for the proper 
maintenance of the plant, to be able to get the 
wheels absolutely dry, and on this account 
the drainage system was established. A slot 
is embedded in the concrete, and between this 
slot and a guide-piece on each side, we drop 
two 9 ft, stop-gates, which shut off the water 
sufficiently to enable us to get at the sluice 
gate inside. This is only used in cases of 
emergency. 


The racks or screens which take the sticks 
and debris from the water, are made of bars 
2 in. x 3in., spaced with about 2 in. centers. 
The sections from the bottom to within about 
5 ft. of the top of the water are made remov- 
able, so that they can be pulled out at any 
time. This has been found necessary on 
account of the slush ice which we have in 
certain seasons of the year, notably in the 
early winter, just after the water reaches 
freezing temperature, Water at that time is 
full of slush ice, which adheres to the bars 
and inan hour orso,if not watched and pre- 
vented, it would close up the passages between 
the bars, and cut off the water from the sta- 
tion. We keep a record of the temperature 
of the water and air from day to day, and have 
plotted a curve of water temperature, running 


through the entire year. By this curve we 
are able to determine, about two days in ad- 
vance, when the water will reach 32 degrees, 
and when we will have slush ice. We keep 


Fig. 3. Site of Station No. 2, Showing Difficulties of Winter 
Construction Work at Niagara 


our eye on this curve, and when it reaches the 
proper point we pull out enough rack sections 
to give a clear passage of the water and ice, 
and await developments. We have had this 
slush ice within twenty-four hours of pulling 
out the bars, and then again a week has passed 
before it came, but this has been the greatest 
length of time, which shows the efficacy of 
the curve. We leave the racks in as long as 
possible, to prevent sticks and debris from 
getting into the wheels, and this curve enables 
us to determine pretty closely the proper 
time to pull them out. 

The forebay proper is on the outside of the 
racks, and a space between the racks and the 
entrance to the penstocks is necessary for 
the water to quiet down after it has passed 
through the narrow openings of the racks. 
From a velocity of 14 ft. per second at the 
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racks, it increases to its maximum, and when 
it reaches the wheels, is running at a velocity 
of 10 ft. per second. This increase is made 
uniformly in the curved opening. 

A vent pipe running from the main pipe 
up to the top of the wall is extremely useful. 
It allows the air to enter the pipe in case of 
sudden shut-down, or when draining the water 
from the pipe. In our onginal installation 
we had a 9 ft. pipe under 125 ft. head, in 
which there was a somewhat similar opening 
about 6 in. in diameter. On one occasion we 
had to shut down very suddenly, and neg- 
lected to see whether the vent pipe was in 


water comes in in a direction parallel to a 
boom, which is simply a steel frame running 
across the forebay, and extending about 10 
ft, below the surface of the water, On the 
extreme left of this boom we have a gate 
leading into a raceway off at one side. This 
gate is lowered, instead of being raised, allow- 
ing the water to fall over the top of the gate 
and creating a surface current. The floating 
ice naturally follows this surface current, is 
spilled over the top of the gate and mins off. 
The water goes in underneath the steel boom 
and flows into the wheels. This arrangement 
was worked out for our No, 2 station several 


Fig. 4. Station No. 2 while Building 


operation. As a matter of fact, it was frozen 
up, the penstock collapsed, and we had to 
put in 50 ft. of new pipe. You can therefore 
see the importance of the air vent. 

Turning our attention to the ice in the 
water, we started in with the theory that we 
ought to get water into the canal without 
any ice. After several years we mide up 
our minds this could not be done, and the 
next question was, how to get mid of it. The 


In that plant we found it difficult 
to run the ice off without its jamming in 
our long raceways. It jammed continually, 
until our Superintendent conceived theidea 
of bringing his tug, which was laid up for 
the winter, to the mouth of the raceway, and 


Vets ayo. 


there making it fast. The propeller was 
started up, and acted as a sort of pusher, 
amt we had no more trouble. The next 
winter We put a propeller in the raceway and 
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connected it to a motor, and there has been 
no further ice clogging, the propeller doing 
the work of about 30 men. 

To protect the powerhouse of our No, 2 
station from the ice in the river, we built a 
wall 5 ft. thick outside of the end wall of the 
power house, and have found this an ample 
protection, The masses of ice which form 
here every winter reach almost to the top of 
the bank—something over 100 ft. of solid 
ice, Which lasts usually until about the first 
of June. 


We figured that it cost $1000.00 to install 
this apparatus, and by running it after work- 
ing hours, by the time it was too dark on 
summer days we found this removed any- 
where from six to seven hundred cubic yards 
per day. Figuring $5.00 for operating ex- 
penses, the cost was about one cent a yard, 
which is very cheap excavating, 

Our No. 3 station was built of concrete, 
with the exception of the wall facing the 
river, which the Commission, appointed by 
Secretary Taft, insisted on having built of 


Fig. 5. Landing an Armature and Car from Cliff Above 


From the face of the cliff to the water ts a 
space 150 ft. wide on which there was debris 
of every kind, which consisted of boulders 
of all sizes, and other material dumped over 
the bank from time to time. We took all 
this loose stuff out with an hydraulic jet. 
Water was brought down from the top of the 
bank in a pipe 12 in. in diameter, the lower 
end of which was fitted with a nozzle having 
a four inch opening, and this was turned 
onto the bank, I think this is about the 
cheapest form of excavation ever devised. 


rubble masonry to match the bank. The 
architect’s explanation of this was that a 
concrete building decreases the apparent 
height of the cliff, and this is extremely 
important to preserve—therefore the rubble 
masonry was used. 

We have a traveling crane, of a capacity 
of 65 tons, located on the top of the 
cliff, and all material shipped in is lifted 
directly from the cars, carried over 
and dropped below the bank, all in one 
operation. 
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Fig. 5 illustrates part of quite an inter- 
esting operation. It shows the landing of 
the armature of one of our big generators at 


Fig.6 Penstock Construction 


the bottom of the cliff, by means of our 65- 
ton crane. These armatures arrived from 
the General Electric Co. on General Electric 
cars, and they were very well put on, The 
track shown runs some 450 ft. from the base 
of the cliff to the part of the station where 
these generators were to be installed, and 
our superintendent conceived the idea of 
lowering the armature, car and all, without 
unloading. We picked up the whole thing, 
and after landing it below, ran the carinto the 
station, unloaded the armature, and then sent 
the car back, I might add that the car 
checker of the railroad appeared, and not 
finding the car, nearly had nervous prostra- 
tion looking for it. We took particular pains 
to take it back when he was not around. 


Fig. 6 is interesting only in showing 
penstock construction. It shows the notch 
cut in the bank, and the penstock hung up 
on a steel frame. It is difficult to set this 
steel frame properly, and even more difficult 
to secure the penstock to the frame. On 
account of the water rusting the pipe rapidly, 
we found it necessary this summer to encase 
the pipe in concrete, making a shell about 
12 in. thick, completely enclosing it. We 
have discovered that concrete is an ab- 
solute protection for iron; in fact, it not 
only protects the iron, but when put around 
rusted iron, this will clean up and stay 
clean. We removed some concrete from iron 
which had been enclosed for perhaps five 
years, and although the concrete was put on 
when the iron was rusty, the latter was as 
bright as if it had been polished. 


The illustration on the front page of the 
cover shows Station No. 3 in process of 
erection, one penstock completed, and the 
other partly so. These penstocks were 
shipped in sections of about 30 ft., which 
were lined up and then riveted with the little 
riveting platform shown in the cut, which 
was made to go around the pipe, and slide 
up and down. The power house itself is 
in two sections—-the water wheel or hydraulic 
compartment, and the generator or electrical 
compartment. It is almost impossible to 
keep our water wheels dry, and we have had 
leaks develop of more or less magnitude, 
which have been disastrous to the generators 
right next to the water wheels. For this 
Treason we put in a concrete wall, provided 
with a hole for the shaft, between the water 
wheel and generator, and in case anything 
goes wrong in the water-wheel room, the 
water cannot get to the generators, We have 
had a demonstration of the efficacy of this 
arrangement, although the station has not 
been in operation for more than two or three 
months. 

The two white streaks running up between 
the penstocks are the aluminum bus-bars 
which carry the current from the station to 
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the top of the bank. The Aluminum Com- 
pany of America expects to take about 
40,000 h.p. through these bus-bars, and unless 
I am mistaken, that figures roughly about 
40,000 amperes, at their voltage. There is 
quite a perceptible field about these bars 
when they are in operation, but we have 
experienced no trouble from electrolysis. 


shall have as few sharp turns as possible, and 
that in the runners the velocity shall increase 
from that of the penstock up to a certain 
well-defined, fixed percentage of the velocity 
due to the head. From the wheel it slows 
down until it finally leaves the draft tubes 
at a velocity at which it will not eat out the 
concrete tailrace. This is accomplished by 


Fig. 7. Installing Water Wheels in Station No. 3 


The bus-bars run up over the forebay on an 
overhead construction directly into the Alu- 
minum Company's building. The current is 
all turned into heat, and the best kind of ven- 
tilation is necessary in order that the men 
may live at all in the pot room, 

Fig. 7 shows the water wheels in our 
new station. The penstock coming in through 
the wall turns an angle of 90 degrees and 
runs around ina snail-shell form, The theory 
of efficiency of a water wheel is that the water 


gradually restricting the cross section of 
the water passages and the runner openings. 
We are forced to use draft tubes on our wheels, 
as the extreme variation in the elevation of 
the lower river is about 20 ft. Our power 
house floor must therefore be 20 ft. above 
the low water mark, or about 15 ft, above 
the mean low water. We usually average 
22 ft. of draft tube, and find that this works 
satisfactorily. 
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STEAM TURBINES* 
By W. L. R. Emmet 


The reasons for the existence of the 
steam turbine are many. One of these is 
that it is a mechanically simple machine, 
involving less complicated mechanical ele- 
ments, and having certain practical features 
which have made the electric motor great 
and successful. Another reason is that it 
works in a field which the reciprocating 
engine cannot occupy, as it gives us the pos- 
sibility of good efficiency of action in a wider 
range of pressure. 

The reason why we use steam as a motive 
fluid is that water is cheap and common. 
It affords the most available method we have 
of turning heat into motion. Other fluids 
than water might be employed, for certain 
sets of conditions, to make a vapor which 
could be used instead of steam; it has been 
proposed to use such other fluids, and this 
has been done to some extent, It is possible 
that there are other fluids than steam which 
would give higher efficiency than steam 
gives and make possible greater thermal 
range. 

Roughly speaking, the efficiency of a 
machine depends upon the range of tem- 
perature through which it can be worked, and 
this range with steam is quite small. The 
upper range of temperature in steam processes 
is limited by the pressure which is practicable, 
say 200 Ibs. to the square inch, corresponding 
to a temperature of say 380° F. This tem- 
perature is not nearly so high as we might 
work, but the pressure becomes prohibitive 
as we go higher. With superheated steam 
we go up to 700° F., but the superheated 
process is simply a very small increment 
upon the other process. 

As the steam expands in the engine or 
turbine, it would, if dry, cool rapidly by 
expansion; the fact that it is a vapor pre- 
vents this, because as it cools it liquifies a 
part and gives up the latent heat of vapori- 


® Lecture delivere| before the Schenectady Section A.LE.E. 
November 6, 1907. 


zation, and this action sustains the tem- 
perature. Thus temperature and pressure 
follow a different curve than that which 
would be followed if steam were gas. Thus 
we havea natural cycle of operation in every 
steam process by which the heat carried by 
the steam, whether dry or superheated, may 
be turned into energy; and this process 
bears a certain fundamental relation to a 
theoretically perfect engine process. If a 
steam engine were perfect, the possible 
efficiency of the process, working say from 
200 Ibs. down to good vacuum, would be 
33 per cent., but what we actually realize 
is some fraction of this. Now this 33 per 
cent. of the total applies to a certain range 
of temperature, 370 or 380 degrees F. down 
to say 100 degrees F., which is what we may 
call the practical range of operation in a 
turbine. Of this our engine can recover a 
certain proportion, and the proportion recov- 
ered we call its efficiency. The question of 
efficiency in engines is one thing, and the 
question of net output is another. The effi- 
ciency of an engine is its ratio of energy 
recovered to energy available theoretically. 
If for any reason we work our steam through 
a less range of temperature, the amount of 
energy available is less; and although the 
efficiency may be the same, the net result 
will be less. This 33 per cent. that I have 
mentioned is the proportion which the steam 
cycle within the temperature range bears 
to the perfect engine working within that 
temperature range. If we diminish the 
temperature range, the perfect engine would 
give less output. We have two elements, 
one the efficiency, and the other the range 
of available energy. In order to explain 
the difference between the reciprocating 
engine and the turbine, I will say that one 
of the great advantages of the steam turbine 
is that it is capable of giving good efficiency, 
if properly designed, through a wide range of 
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pressure and temperature; whereas the steam 
engine has mechanical limitations which great- 
ly reduce its effective range. The range of 
pressure and temperature, within which 
reciprocating engines are practically com- 
parable with good turbines, is that from 
ordinary boiler pressure to the atmosphere. 
Below atmospheric pressure the performance 
of the reciprocating engine begins to fall 
away rapidly, and the efficiency for each 
addition to the range of the cycle becomes 
less and less; and finally, when we come 
into the higher degrees of vacuum, the amount 
of work recovered is very small; whereas 
in the turbine the efficiency throughout the 
whole range down to very high degrees of 
vacuum is practically constant, in fact it is 
even better in lower ranges where friction 
losses are less. 


To get an idea of these possibilities, I will 
tell you what the available energy in steam 
amounts to under some different conditions 
of pressure. In working steam from pres- 
sure of 165 lb. absolute down to a 29in. 
vacuum, the available energy is 271,000 ft. 
Ib. per pound of steam. If we work to the 
atmosphere instead of to this vacuum, the 
energy available amounts to 136,000, which 
is one-half of the share, so we have used up 
one-half of our theoretical cycle when we 
have gone to the atmospheric pressure. 

If instead of working to a 29 in. vacuum 
we worked to one of 24 in., we only use 76 
per cent. of the energy which we would have 
with the 28in. vacuum. That is, by chang- 
ing our vacuum from 24 in. to 29 in, we add 
33 per cent. to the possible output of the 
engine, A 24 in. vacuum is about the limit 
of important gain in the reciprocating en- 
gine, it will gain something with a better 
vacuum than 24 in.—possibly two or three 
per cent. —but it is practically at the end of 
its possibilities when it gets to that degree 
of vacuum. There is a limit to the size 
of the evlinders and the low pressure valves; 
and the immense surface exposed, together 
with high degree of expansion in the steam 


engine, involves loss through evlinder con- 
densation, The principal dithculty is’ the 
weight and bulk of the necessary moving 
parts. Steam with a 2S} in. vacuum has a 
volume about 200 times as great as it has 
at 175 Ib. gauge. 

The idea of the steam turbine is a very 
obvious one, and naturally appeals to every- 
body. It is the simplest form of production 
of motion from pressure, and was used by 
the ancients. The whole difficulty has lain 
in the fact that the velocities to be dealt with 
were so high. Steam carries so much powe 
and weighs so little that it attains an enor- 
mous velocity when its work is turned into 
motion. In working steam of 175 lb. gauge 
down to 28 in. vacuum, it will impart to 
itself a velocity of about 4100 feet per second, 
The fastest turbine wheels used by the 
General Electric Company have a peripheral 
velocity of 460 ft. per second, only about 
one-tenth of the maximum velocity of dis- 
charging steam. \t that velocity of 460 ft. 
per second, the mm tension in a revolving 
steel ring amounts to 25,000 Ib. per square 
inch. This is the elastic limit of ordinary 
steel. You see, even at this very low velocity, 
(only one-tenth that of the steam), we are 
near the practical limit of construction. 

DeLaval, who built one of the first suc- 
cessful turbines, did not attempt to go further 
than the application of the simple jet to 
the single wheel. He designed a wheel with 
thin edge and thick middle, so proportioned 
that it could be run up to speeds possibly in the 
neighborhood of 10,000 ft. per second, and 
although that speed was not as high as it 
should be in proportion to the velocity of 
his jet, he got very good results and made 
a very clever design to make those results 
mechanically available. 


In the Parsons turbine he has made a 
drum construction with a great number of 
buckets, and the steam passes through vari- 
ous rows of stationary and moving blades. 
In these rows of blades the steam keeps 
expanding from one to another, and dnves 
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the rotor by impact upon the moving biades 
and reaction from the velocity of discharge 
from the moving blades. 

The difficulty DeLaval’s process 
is that he cannot use a high enough velocity 
to get a high efficiency, and using the veloc- 
ity he does it is hard to get mechanical 
application. The speed is too high to use 
without gearing. DeLaval tried to make 
his turbine with more than one stage, and put 
his single wheels in several successive stages, 
dividing up the energy, reducing the veloc- 
ity in each stage, and bringing it into more 
conformity with his wheels. The difficulty 
with this is that the pressure in these stages 
becomes high. With high pressure he got 
rotation losses and found he did not gain 
anything, so he kept to the single wheel. 


about 


Parsons had opposite ideas; he took up 
the multiple arrangement, and the difficulty 
about his process is that he is dealing with a 
fluid which at the beginning of his cylinder 
has one volume per pound, and at the end 
of the cylinder has a volume two hundred 
times as great. Since the cylinder turns 
at the same speed at one end as at the other, 
and since he wants conformity of speeds at 
both ends to use the fluid effectively, he is 
forced to rather extreme dimensions. His 
buckets at the upper end become extremely 
small and relatively inefficient, and at the 
lower end they become abnormally large; 
so that in order to keep his turbine within the 
bounds of possibility, he has had to sacrifice 
a good deal at both ends. Most of the Par- 
sons turbines are deficient in the matter of 
dimensions in the low pressure end, and are 
too large at the high pressure end. Before 
the steam enters the turbine at all it is often 
largely expanded. It is governed by a 
throttling process, which reduces the initial 
pressure, 

The idea of Curtis was to make a simple 
device by which a high velocity steam jet 
could be made to work more effectively than 
in the DeLaval simple bucket, and he con- 
ceived the idea of making the steam bounce 


at least three or four times in passing through 
one element of the turbine; that is, steam 
taken from the nozzle onto a bucket discharges 
from the bucket and strikes the stationary 
member, then to another moving element, 
and so on, repeating the process. By doing 
this a great deal is lost by friction, but a con- 
siderable proportion of the residual energy 
is saved and worked a second time. 


This fractional abstraction of velocity 
gives conditions which make a great difference 
in the matter of mechanical construction, 
and with relatively simple means we can use 
these modified velocities, whereas we cannot 
use the higherones. Mr. Curtis’s first idea was 
to use three or four, or even more, blades on 
the same rotor in the same stage, with station- 
ary elements between them; and he expected 
that the steam would pass through and give 
up work until it was all gone. Our exper- 
ience very early convinced me that in this 
he was expecting too much, and for our second 
group of turbines, I adopted the two-bucket 
arrangement,—-that is, two buckets to a 
stage,— and that is what we have confined 
ourselves to largely in our larger work; in 
smaller machines we are still using the three- 
bucket arrangement. 


One very important element in the turbine 
is the question of the friction of the fluid 
itself. This limited the DeLaval operation in 
more than one stage; it also limits ours, but 
to a very much less degree, because we drop 
the pressure to a considerable extent in our 
first stage, and after that we have our wheels 
running at comparatively low pressures. 
Furthermore, we have built large turbines, 
and in large turbines the friction is relatively 
much less. 


One of the great advantages of the Curtis 
type is that it is a multiple stage process in 
which a number of elements are used. The 
revolving element has no pressure behind it; 
the pressure of the chamber in which it 
operates surrounds it; it is simply blown 
around as a wind-mill is blown around, with- 
out any appreciable thrust. In the Parsons 


Ast ogle 


61 


STEAM TURBINES 


14000 Kilowatt Five-stage Curtis Steam Turbine and Generator 


Fig. 1. 
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turbine, however, the pressure is behind the 
revolving element, and that pressure must be 
balanced by a similar revolving element 
which has no bucket and is simply a dummy 
that balances and removes the thrust. Now 
this dummy cannot be made steam-tight; 
in fact, is must necessarily have a considerable 
clearance, and that clearance involves a heavy 
loss, which loss is one of the serious limita- 
tions. 


This is one of the great features of gain in 
turbines of the Curtis type. Nobody knows 
what the distortion of metal is until he begins 
to build rotating machinery. This is appar- 
ent as soon as you revolve the moving element. 
You cannot run close; you must have large 
clearances, and this is one of the important 
features of the whole turbine industry; and 
one of our great advantages is that we have 
a type in which we can use large clearances. 
In large turbines there is no clearance less 
than } in. in the axial direction, and radially 
possibly } in., so they are turning in free 
space without anything to interfere with them. 


The General Electric Company's present 
form of turbine, in its highest state of develop- 
ment, is shown in Fig. 1. It is a machine 
which is now rated at 14,000 kw. maximum, 
andisI believe, the largest that has ever 
been built, of any kind; it is also the most 
efficient machine ever built by a very con- 
siderable margin. This machine in Chicago 
has delivered to the switchboard a kw. hour 
at an expenditure of 12.8 lb. of steam; and 
that is the equivalent of something like 8} 
Ib. per indicated horse-power. Its perform- 
ance represents not only a very high efficiency 
of action, but very high range of action, the 
machine operating from 175 Ib. down to a 
vacuum of 29in. Other turbines have given 
as large a per cent, of the theoretical possibil- 
ity, but no machine has ever given so large 
an output per pound of steam, and the reason 
is that this machine is both efficient and 
designed for a wide range of usefulness; 
whereas other machines, while efficient, are 
not suited for so wide a range. 


Other machines which have been made by 
the General Electric Company, are almost 
equally efficient, and the 5000 kw. unit which 
has been tested in Boston showed only 0.3 
pounds difference in efficiency from the unit 
in Chicago. All the smaller units, 1000 and 
500, show satisfactory efficiencies for their 
size. These large turbines are _five-stage 
machines, with very deep buckets in the last 
stage. The smaller machines are four-stage, 
very small and simple, yet very efficient. 

One of the great problems in connection 
with the turbine industry has been the build- 
ing of the generators, principally because 
there has been so much of it to do within a 
short space of time. An electrical design is 
something on which it is particularly desirable 
to have data and experience. It is very hard 
to foresee electrical conditions, particularly 
thermal conditions, eddy currents, mechan- 
ical strains, effects of vibrations, and other 
things. In generators for high-speed machin- 
ery, centrifugal strains are extreme, and since 
they are made up of copper and iron, it is 
necessary to devise all sorts of means for 
holding the copper and all parts together. 
The copper, under such centrifugal strains 


Stott 
Seensens 
Ponts realli peat ealel 


Fig. 2. Curves of Steam Consumption of Curtis Turbine 
and Reciprocating Engine 


as here exist, will, if unsupported, flow 
almost like putty; it has to be bound, 
held and confined by strong steel structures 
in order to make it stay in place, and all this 
has to be taken care of in the rotating element. 
Furthermore, the machine, while highly 
efficient as most of the General Electric 
Company's generators are, involves losses like 


Ast ogle 


PRACTICAL DEMONSTRATIONS ARE CONVINCING 63 


other electrical machines—possibly 3} per 
cent. in a machine like this 14,000 kw. tur- 
bine unit I have mentioned, Three and one- 
half per cent. of 14,000 kw. is a lot of power 
and represents a great deal of heat. I may 
roughly say that the heat represented by 
the losses in this highly efficient generator 
amounts to about the same that we would 
have in the furnace of a 60h.p. boiler. If you 
imagine a generator about 10 ft. high,and 11 ft. 
in diameter, almost solidly filled with magnetic 
material—an extremely compact structure, 
with certain spaces through it for ventilation 
—and then imagine this structure having heat 
delivered into it as fast as a 60 h.p. furnace 
could put it in, you will see that the problem of 
keeping that thing cool is quite a serious one. 


To keep it cool, we must have 30,000 ft. ofaira 
minute pass through, and keep that air uni- 
formly distributed; so that in no part will it 
become very hot; otherwise we will have 
some part of the machine burning itself up. 
Most of this work on the generators has been 
splendidly done, and a vast amount of inven- 
tive ability, skill and foresight have been put 
into it; but naturally, some mistakes have 
been made, and every little difficulty with a 
generator tends to hold back the turbine in- 
dustry as much as if it were in the turbine. 
These troubles, however, have been overcome 
and corrected. All this has been very ex- 
pensive, but the result is, that in five years, 
we have made the largest and by far the most 
efficient steam engine ever produced. 


PRACTICAL DEMONSTRATIONS ARE CONVINCING 


By E. L. CaLLanan 


In this day and age when so many new 
devices and labor-saving conveniences are 
being brought before the people, in order to 
call attention to any particular one, it seems 
necessary to show the buying public just 
wherein that one excels, is particularly desir- 
able, or well adapted to their use. 

This is especially true of electric heating 
devices, for so many people are satisfied if 
results can be obtained, regardless of whether 
they are accomplished under favorable con- 
ditions or under unfavorable ones with ardu- 
ous labor. Centralstations and electrical con- 
cerns that have devices for sale have there- 
fore found it very advantageous to their busi- 
ness to show their customers, by means of 
demonstrations, just how cooking by elec- 
tricity can replace cooking by other means 
—how much labor, time and expense can 
often be saved by using electric irons in the 
laundry, and electric heating appliances in 
the industrial field. 

Throughout the last year or two there has 


been scarcely a food show held that did not 
contain booths with extensive displays of 
electric cooking and heating devices, and 
practical demonstrations of electricity re- 
placing gas for heating. It has become quite 
the custom for electric light companies to 
have brilliantly lighted and tastefully ar- 
ranged and decorated booths at these shows, 
with several demonstrators in white aprons 
and caps busily engaged in cooking and bak- 
ing, and offering dainty bits of cake and 
coffee to the many interested visitors. 

At one food show which I visited about two 
weeks ago, I found that, with two or three 
exceptions, every booth that needed heat 
was utilizing the electric current, and the 
management felt secure for the reason that the 
fire hazard was reduced to a minimum. 

Many cities have an electric show annually, 
andsinceitisa recognized fact that thingsinmo- 
tion attract attention, most of these shows de- 
pend uponelectric novelties and electric heating 
devices for special features of the exhibitions, 
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These public demonstrations are not con- 
fined to the large cities, but have been taken 
up and carried through very successfully 
during the last year by many small towns 
and cities throughout the United States. 
In towns of ten thousand or over there is 
scarcely an electric light company that does 
not have an exhibition and demonstration 
room. Inmany cities these are not elaborate, 
but they are the nucleus for a new business 
department that will surely bring rich returns 
to the aggressive companies in the near future. 


visit customers in their homes and show them 
twentieth century methods. 

It has been learned that carefully chosen 
solicitors will be received in the homes of the 
electric light company's customers, as the 
latter are glad to learn of the new conven- 
icnces that are being offered. 

The domestic science departments of the 
various women's clubs are enthusiastic on 
the subject, and are doing much to help the 
lighting companies to advertise electric heat- 
ing devices. An example of this was shown 


Fig. 1. Exhibition Room of the Detroit Edison Company 


At State electrical conventions the man- 
agers of many lighting companies, who have 
given little time to pushing the sale of current- 
consuming devices, have been convinced, 
after hearing reports from those who have 
been pioneers in pushing the new business 
methods, that their plants are not earning 
what they should. They have gone home 
with the resolve that they would take steps 
to secure an exhibition and demonstration 
room, with someone in charge who would 


carly last spring in a town of about 40,000 
inhabitants, where the domestic science 
departments of these clubs secured a renowned 
lecturer who had taken up electric cooking, 
with the result that about 20 per cent, of 
the inhabitants attended during the two 
daily sessions held for ten days, The electric 
supply companies and lighting company did 
everything possible to aid them in making 
attractive exhibits, The main feature was a 
Six room cottage, complete to the smallest 
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detail, which was located in the auditorium, 
and through which each visitor might walk 
and see what his or her home could be made 
like by the use of electric labor-saving con- 
veniences, and proper lighting effects. 

I am positive that the same success could 
be obtained in nearly every city in the United 
States, with excellent results and benefit to 
the electric company. At these lectures 
ladies secure valuable recipes for baking and 
cooking, having first seen them demonstrated, 


hours time, and with almost no labor. To 
accomplish the drying, a rough board box 
about 4 ft. by 12 ft. by 6 ft. high was built, 
and the clothes quickly dried by electric 
heaters and fans. 

Recently, in a city in Kansas where there 
had been little activity on the part of the 
local lighting and gas companies, the public 
was treated te a surprise through a change of 
management. The gas and electric com- 
panies combined, and tried to outdo each 


Fig. 2. Demonstration of Electrical Heating Devices in one of Chicago's 
Leading Department Stores 


and those present are made to feel that thev 
are being favored, rather than that they are 
conferring a favor on those in charge by 
attending, 

A photograph of the cottage referred to 
above, which will give some idea of the com- 
pleteness and care that was taken in building 
it, was shown in the December number of 
the Review. It was demonstrated in this 
cottage that the week's washing, drving, and 
ironing could be done in from two to three 


other in presenting the more interesting pro- 
gram at a practical cooking demonstration 
and course of lectures on domestic science. 
In the electric cooking demonstration, a com- 
parison was drawn between cooking in the 
old way and in the new way. 

The above illustration will show that the 
expense of providing the necessary equip- 
ment to carry on such a practical demonstra- 
tion is not great. The smallest central 
stations can well afford to teach their cus- 
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tomers to use current-consuming conveniences, 
for the money thus spent will come back 
to them through increased bills for larger cur- 
rent consumption by the satisfied customers. 

In Grand Rapids, Michigan, a course of 
lectures by the eminent lecturer referred to 
above, has just lately closed. The lectures 
were held in the Press Building, and the 
Electric Light & Power Company were silent 
partners, although they were back of the whole 
scheme, and were the builders of the model 
cottage through which each visitor had to 
pass to reach the lecture hall. Asa result 
it was the most popular attraction in town 


installed ready to operate before the customer. 
A model electric kitchen in tile does not leave 
the inquiring customer much room for imagin- 
ation, for everything is as it should and could 
be at home. 

Demonstrators can better impress cus- 
tomers when they can show and operate 
kitchen devices in a_ kitchen, luminous 
radiators in a bath room, bedroom or living 
room, and ironing in a laundry. Nearly one 
million electric irons would not be in use 
to-day if the central station had not given 
the customer an opportunity to demonstrate 
that they would do the work, 


Fig. 3. Model Electric Kitchen of the Edison Light (& Power Ca,, 
Wichita Gas ® Electric Show, Wichita, Kan. 


for two weeks, and was the means of 
demonstrating the practicability of elec- 
tric cooking to just the class of people 
that the lighting company wished to 
reach. 

This kind of advertising is effective, and 
when followed up bv personal solicitation, 
brings profitable business. 

The Edison Illuminating Company of 
Detroit, Michigan, has one of the most com- 
pletely equipped demonstration and show 
rooms to be found anywhere. Nearly every 
current-consuming device, from a two candle- 
power lamp to a refrigerating machine, is 


A leading department store in Chicago, 
realizing that, with the extensive advertising 
of the lighting company and the desire of the 
people to buy new things, it would be to their 
advantage to put themselves in a position to 
supply the demand, arranged with the light- 
ing company to have an exhibition and course 
of lectures on cooking by electricity held in 
their dining room. The hundreds of shoppers 
who patronized their restaurant, and those 
who came for the lecture, went away quite 
enthusiastic over the interesting subject, and 
were especially delighted with the electrically 
cooked dainties, 


SZ 


PRACTICAL DEMONSTRATIONS ARE CONVINCING 7 


The best scheme that I know of for giving 
the people a correct knowledge of the cost of 
operating these various devices is shown in 
Fiyo 4. At one end of the demonstration 
room, and just outside of the fully equipped 
model kitchen. 1s a meter with a pasteboard 
dial having a circle descnbed upon it, 12 
inches in diameter and divided into twenty 
equal segments 

This is an old style five-wheel. or dial meter, 
the fifth wheel of which revolves once for 


each kilowatt registered. By extending the 


his customers the relative values of vanous 
apparatus as curfent consumers, compared 
The custom 
of many stations 1s to use the 16 candle-power, 


with the best known standard 


50 watt incandescent lamp as the standard 
It is probable that this will not be a standard 
very much longer, but this standard is now 
more comprehensible to the layman than any 
other, and if he could see the relative current- 
consuming value of the 16 candle-power lamp 
and a two kilowatt air heater on a dial such 
as desenbed above, the central station com- 


Fig, 4. Exhibition and Demonstration Room of the Edison Sault 
Electric Co., Sault Ste. Marie, Mich. 


shaft three inches and attaching an aluminum 
hand, the current consumption in cents can 
be rend by the observer at a vlance; for 
instance, since the rate for cooking at Sault 
Ste. Mane is 24 cents per kilowatt hour, if a 
brovler taking 1500) watts is used thirty 
minutes, the pointer will move 270 degrees 
around the dial. or show a cost of If cents, 
The dial mayo be divided in any manner 
which best sutts the rate in use 

[It seems to me that the central station 
manayver should make every ettort to teach 


plaint department would not have so much 
work ino adjusting customers’ bills, and 
satisfying them that they had used all of the 
current with which thev were charved 

If the customer is taught enough about 
electne Measurnng instruments to convince 
him that they measure the current accurately, 
and only when light, heat or motion is ob- 
tamed, the central stahon man will releve 
himself of the greater part of the complaints 
now received, and at the same time increase 
his revenue. 
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THE ROTARY CONVERTER 


Part I 
By E. J. Berc 


In its general appearance the rotary con- 
verter resembles a direct current generator 
with two or more collector rings. 

In its electrical characteristics it combines 
the features of the alternator with those 
of the direct current generator, and has many 
features of the stationary transformer. 


ia 8 
a ae 


Gram cing wound 
multiphase alternator 


Fig. 1 


In its action it is reversible, so that it can 
convert alternating current to direct current 
or vice-versa. 

Depending upon the number of collector 
rings, a definite ratio exists between the direct 
current and alternating current voltage. As 
in the case of the transformer, this ratio is 
substantially constant at all loads and changes 
only by reason of the internal losses. 

Voltage Ratio 

With a sine wave of e.m.f. this ratio can 
readily be determined by referring to Fig. 1, 
which represents a Gramme _ ring wound, two- 
pole alternator, the armatureof which is tap- 
ped at a number of points—O, A, B, C, D, 
E, and F, 

Assume that the armature winding has t 
turns per pole, and that the effective alternat- 
ing voltage generated per turnis E volts. Ina 
single-phase alternator the voltage (represented 


” 
in Fig. 1, as OF) would then be cag since 


the e.m.f's. generated in the individual 
turns are not in phase, their resultant being 
represented by the diameter instead of by 
one-half of the circumference. 


In a three-phase converter the voltage is 
represented by the line OE, and is: 


3 D = 
2 2) 3 
= -“__HxXE= —tE 
3 ; r DD ; T 
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In a four-phase converter (usually called 
two-phase converter) the voltage is repre- 
sented by OC, and is: 


v2 D 
2t 2 ypa M2 te 
4 FD r 
“4 


ilie Duterbuteon oo Seeteonat 
ae Poke Rotary 
a AC Leite teitaege Od volts 


Seeuguer,-— ves 
e0arimn init 


DEN 
saueee cuelicene nae 


Fig. 2 


In a six-phase converter the voltage is 
represented by OB, and is: 


D 
St a: 1 
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In a converter of m number of collector 
rings the voltage between adjacent rings is: 
2tE 180 2t . 180 
)= -— Esin 
m m Cd 
Since the direct current voltage corres- 
ponds to the maximum value of the single- 
phase alternating current voltage, its value is: 
2tEyY2 
—-=¥ = 
Assuming a fair flux distribution, such as 
is common in ordinary machines, the follow- 
ing relation exists, in general, between the 
alternating current voltage across adjacent 
collector rings of an m-phase rotary, and the 
direct current voltage: 


x= cos (90 - 
r 


2t En 180 
Alternating current voltage or m 
Direct current voltage rs 
she 5 2' te 


This formula gives the following ratios 
for converters of the number of phases 
listed: 


No. Phases m Ratio 
1 2 . 707 
3 3 613 
4d 4 oO 
6 6 B53 


With a greatly distorted flux distribution, 
such, for instance, as that shown in Fig. 2, 
the ratio changes very considerably. With 
a flux distribution as shown in a the ratio, 
three-phase to direct current voltage, was 
0.615; as shown in b, 0.65; as shown in c, 
0.72; as shown in d, 0.81; and as shown in 
e, 0.97. These diagrams are added to show 
how the ratio may vary. It is also of interest 
to note that in the first case, the ratio cor- 
responds to that of a sine wave, although the 
flux distribution is far from such. We may 
therefore conclude that only very large 
distortions affect the voltage ratio. 

Current Ratio 

In the following equations, 

i denotes the effective alternating 
current in the windings; 


i, the effective alternating current 
in the lines; 

ic the direct current in the winding; 

iq the direct current in the lines; 

e the alternating e.m.f. between lines ; 

eg the direct current e.m.f. between 
lines. 

The relation between the current in the 
winding and the current from a collector 
ring of a multiphase alternator is shown 
diagrammatically in Fig. 3. 

Referring to Fig. 3, let i= OA, be the effec- 
tive current in one side of the winding, and 
OB (also =i) the current in the other. 
Their resultant, which is the line current i,, 


: Pe > ; 
is then 2icos —,, where ¢ is the space angle 


between adjacent phases. 


kelation between frie 

current and current im 
a closed circuit mamng 
of a multiphase ofterrator 


Fig.3 


For an m-phase alternator, ¢ is 180 - ” 


and therefore the line current i,, correspond- 
ing to i amperes in the winding, is i, = 


2 i cos (90-19) <9 180 


If e is the voltage between two adjacent 
collector rings, we get the total output = 
mie, which, when expressed as a product 
of line current and line voltage, may be 
written as: 

mei, 
2sin *** 
but e, as shown above, may be expressed as 
follows: 
e= —“4_ sin 1Sv (1) 
12 m 
where eg is the direct current voltage. 
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Therefore, in a rotary converter assuming 
100 per cent. efficiency, we may write the 
direct current output the same as we do the 
alternating current input. Denoting the 
direct current line current by ig, and the 
direct current e.m.f. by eg, we therefore get: 

; mei, m. e, sin 15" 

igeg= ee | eee 

dvd Dein ite 9 *® —= .* 

2sin'*" 2 } 2 sin 
or the ratio of currents in the alternating 
and direct current lines. 
oo aye ae 
1 “l= ¢ 
a (2) 
ig m 

This formula gives the following ratios for 

converters of the number of phases listed: 


1 ao 
m 


No. Phases m Ratio 
1 2 V2 
3 3 943 
4 4 707 
6 6 A472 


The relation between the alternating cur- 
rent in a closed circuit winding and the direct 
current for the same output is directly 


obtained from the previous reasoning. 
We have i, the current in the winding = 
; 4 
1 - <p 2, : 
tag een L, a — iy (3) 
2 Sin "in m 
Since in a two-circuit winding the direct 
current in the winding is one-half of the line 
current, we therefore get the following rela- 
tion between the effective values of the two 
currents, where i, is the alternating, and i, 
the direct current in the winding. 
i i = 
Tea GT teeaeenie | 
1, 285i» 
yy og 
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(4) 


and the ratio of the maximum value of the 
alternating current to the direct current, 
in the winding, is 
1 max 4 (5) 
j a q ban” . 
1, m sin ‘, 
Thus, in a three-phase machine (m = 3) 
; 9. > 
i 21 2 
— — = 1.09 
1. 3 cos 30 


and the ratio between the maximum value 
of the alternating current and the direct 
current is 1.09 } 2 = 1.54. 


In a four-phase machine = = 1.414, 


and in a six-phase converter, 1.333. 

The armature heating, due to the [’r 
losses, can best be studied by determining 
the instantaneous valués of the resultant 
current in every coil during a revolution. 
Such analysis is given below for a six-phase 
converter with unity power factor. 

Fig. 4 represents a two-polar, six-phase 
converter. The armature is assumed to con- 
sist of 48 coils, Gramme ring wound, and 
each phase has therefore 8 coils, displaced 

anne 
ST 


in 
in space “4. 


; fll 
Iwo polor six-phase converter 


Fig. 4 


In the following analysis the condition 
existing in phase AB will be considered. 

It is evident that when this phase is in 
the position shown in Fig. 4 its emf. 
is a maximum; therefore, if the alternating 
current load is non-inductive; that ts, if 
the rotary converter operates with such field 
excitation as to make the alternating current 
a minimum, the instantaneous value of the 
alternating current in this coil is also at its 
maximum at the same time. Let this maxi- 
mum value of the alternating current be 
denoted by i max, and the direct current in 
the winding by i,. We then have, according 
to equation (5), the following relation between 
i max and ic. 


maxX _ —__-____.. = 1,333, (6) 


(To be Continued) 


RAILWAY SIGNALS 
Part IV* 


By F. B. Corey 


Signal Mechanisms 


Having studied the fundamental principles 
of automatic block signalling and some of the 
elementary circuits used for its operation, 
we now come to the consideration of the 
signal mechanisms which drive the semaphore 
arm or other device, by means of which the 
proper visual indication is given to the crew 
of the train, This is an apparatus which 
must be designed and built with the greatest 
possible care, as failure to perform its proper 
function may lead to most disastrous conse- 
quences. 

One of the earliest types of mechanism was 
the clock work signal, a few of which are still 
in operation, although such signals are not 
manufactured at the present time. This 
signal consists of a circular banner supported 
on a vertical shaft, the latter being turned 
by means of a weight and train of gears. An 
escapement releases this train of gears and 
causes the banner to revolve in such a manner 
as to give the properindication. The weight 
is wound up from time to time, as the 
conditions of operation require. The banner 


Fig. 1. Clock Work Signal 


itself is largely made up of slats, like a blind; 
these slats being arranged to swing in the 
wind, so as to release the side strain that 
would otherwise occur. The mechanism is 
extremely simple, and the outward appearance 
of the apparatus is clearly shown in Figure 1. 


No new signals of this type have been erected 
since 1894, 
The simplest of all signal mechanisms is the 


Fig, 2. Disc Signal, Operated by Electro-Magnets 


purely electrical device used in disc signals, 
a typical form of which is shown in Figure 2. 
This mechanism consists merely of peculiarly 
designed magnets, so arranged as to turn the 
signal from stop to clear position, and hold 
it there. Mounted on the armature shaft is 
an arm which carries two discs, the larger 
one of which is made of cloth, to secure 
lightness, while the smaller disc is of very 
thin glass. The large disc is for the purpose 
of a day indication, and the smaller one serves 
as a colored roundel for giving the night 
signal. Such a signal, assembled in its case, 
is shown in Figure 3, which gives a back view 
of the case, with the door open; above the 
door is seen the bracket, which supports the 
signal lamp. 


* Part [11] of this article appeared in the September issue 
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Passing now to the consideration of the 
mechanism for operating the modern sema- 
phore arm, we come first to the electro- 
pneumatic signal, which has come into very 


Fig.3. Disc Signal Aceembled in Case 


extensive use. In this system compressed 
air is piped throughout the entire length of 
the road, and track circuit relays control elec- 
tro-pneumatic valves for admitting air to the 
cylinder which contains the operating piston. 
It is arranged so that when the air is ad- 
mitted to the cylinder, the signal is thrown 
to its clear position, and held there until the 
cylinder is exhausted by the release of the 
electro-pneumatic valve, or by failure of the 
air supply. <A sectional view of such a 
cylinder and valve is shown in Figure 4, and 
a complete signal of this tvpe is shown in 
Figure 5. 

An interesting modification of the electro- 
pneumatic principle is the electro-gas signal, 
operated by gas pressure. In this signal 
the operating medium is carbonic acid gas 
(CO,), which is stored in steel cylinders or 
tanks, where it is liquified by pressure. The 
storage tanks, which are similar to those used 
in the ordinary soda fountain, are placed in 
a battery chute of the usual type, close to the 
base of the signal. To absorb the moisture 
which is always present and thus prevent 
freezing, a small amount of alcohol is intro- 
duced into each cylinder, but this precaution 


—_ 


does not entirely climinate trouble from that 
source. A reducing valve is provided to 
regulate the pressure of the gas that is ad- 
mitted to the operating cylinder. A small 
auxiliary reservoir, containing gas at the 
reduced pressure, is located in the mechanism 
case, and this serves for the direct supply to 
the operating cylinder, which is movable 
upon a stationary piston as shown in the 
section of Figure 6. An elevation of a two- 
arm signal of this type is shown in Figure 7. 
Large numbers of these signals have been 
installed and are in successful operation; at 
the present time, however, they are not being 
installed in as large numbers as formerly, 
as it is quite generally admitted that they 
are less satisfactory than the electric motor 
signal, which is now the most popular type. 


Pig. 4. Section of Cylinder and Valve, 
Electro-pneumatic Signal 


The earliest form of electric motor signal 
to come into extensive use was the “ Style 
B"' signal, which is manufactured by the 
Union Switch & Signal Company, and is being 
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built in large quantities at the present time, 
in practically its original form. The latest 
design of this signal is shown in Figure 8, 
which gives a good idea of its principal parts. 
The electric motor, through double reduction 
gears, drives a shaft which carries a sprocket 
wheel, while the upper part of the frame of 
the signal carries another sprocket, the two 
wheels being connected by means of an ordi- 


VERTICAL SECTION. 


to a bell-crank. This bell-crank engages 
another lever, which in turn is fastened to still 
another crank, This latter crank is so shaped 
as to engage the roller that is carried by the 
sprocket chain. When the signal circuit is 
closed the motor is started and the slot- 
magnet energized; with the slot-arm then 
in its lower position, the roller engages with 
the catch, raising the slot-arm, which in turn 


ELEVATION 


Fig. 5. Electro-pneumatic Semaphore 


nary sprocket chain. To this chain is attached 
a roller, shown in the illustration near the 
upper end of its travel. The signal arm 
is operated by a vertical rod which is pro- 
vided with a screw-jaw fastened to a casting 
called the “ slot-arm;”’ this slot-arm carries 
a magnet, known as the slot-magnet, and the 
armature of this magnet is carried on a lever, 
the end of which engages a long hook attached 


taises the rod, operating the signal blade. 
When the signal reaches its clear position 
the roller disengages the slot-arm and the 
latter drops back slightly, and is held by a 
lug on the frame of the mechanism. The 
motor circuit is then broken by the current 
controller, which is seen at the lower nght- 
hand corner of the illustration, and the signal 
is held in its clear position as long as the slot- 
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magnet is energized by the relays. The 
motor is stopped by means of a magnetically 
operated friction brake. When the signal 
is released the shock of its fall is absorbed 
by the dashpot, shown at the upper right- 


Fig. 6. Section of Operating Cylinder, 
Electro-gas Signal 


hand corner of Figure 8. The mechanism 
illustrated is for a two-arm signal, and there- 
fore carries two sets of sprocket wheels, two 
sprocket chains, slot-arms, etc. When this 
signal is used for a one-arm three-position 
signal the same mechanism is used, with the 
addition of two racks, each carried by a 
slot-arm, with a floating pinion between the 
two racks which is carried by the signal- 
operating rod. This signal is described in 
detail on account of the fact that there are 
now nearly 25000 of them in service. 

It will be noted that all of the signal 
mechanisms above described are located at 
the bottom of the signal mast, and are con- 
nected to the signal arm by a vertical rod 
extending through the interior of the pipe 


mast. This arrangement involves the con- 
version of the rotary motion of the motor 
and gears to a reciprocating motion, and then 
again to a rotary motion at the semaphore 
bearing. In order to make a more direct 
application of the power, and thus avoid the 
difficulties and losses incident to such an 
indirect connection, a class of signals has been 
recently developed which are known as top- 
mast signals, In this class of signals the 
motor and other mechanism are located at 
the top of the signal mast, andin this way 
direct connection with the semaphore arm 
is secured. 

All of the signals manufactured by the 
General Electric Company are of the top- 
mast type. With this arrangement it is 


Fig. 7, Elevation of Two-arm Electro-gas Signal 


possible to insulate the mechanism and its 
case from the signal mast and ladder, and 
this avoids, to a large extent, the possibility 
of trouble due to defective insulation of the 
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mechanism parts, or tocareless wiring when the 
signal is installed. The top-mast construction 
permits of the installation of a signal on any 
kind of pole with the least possible labor. 
The mechanism is located above the surface 
moisture and out of the reach of floods, and 
in locations where heavy snows occur, it 
facilitates the inspection and care of signals 
without the necessity of removing the snow 
from around the base of the pole. By doing 
away with the connection between the bottom 
and top of the pole considerable power is 
saved, and since such signals are usually 
operated from primary batteries anv saving 
in power is of importance. The only objec- 
tion that has been raiscd against the top- 
mast arrangement is that the maintainer is 
obliged to go to the top of the mast to inspect 
and care for the signals. In practice, how- 
ever, those who have had experience with 
top-mast signals of the proper design are 
heartily in favor of this construction. 


Fig. 8, Early Type of Electric Motor-Operated Signals 


Figure 9 shows the General Electric Com- 
pany’s M-110 signal mechanism, complete 
in its case. This signal is of the three- 
position type. The motor is geared in such 
a way as to revolve the clutch wheel, which 


turns freely about the main shaft, while this 
shaft extends through the case for the recep- 
tion of the signal arm. Mounted upon this 


Fig.9. General Electric Motor-Operated Three-Position 
Signal, Type M-110 


shaft, and rigidly attached to it, is the sector 
casting which supports the clutch magnet, 
and which also provides, by means of the 
locking magnet seen at the top of the mechan- 
ism in Figure 9, a method of locking the 
signal in its caution and clear positions. The 
return of the signal to either caution or stop 
position is accomplished by gravity. without 
the movement of any of the gearing, thus 
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avoiding all unnecessary friction. This grav- 
ity movement is retarded by means of a 
simple dashpot, shown at the lower right- 


Fig.10. General Electric Motor-Operated Two-Position 
Signal, Type M-113 


hand side of the mechanism. For a complete 
description of this signal, reference is made 
to General Electric Bulletin No, 4484, 

The General Electric Company has recently 
placed on the market a two-position, top- 
mast motor signal, which embodies a number 
of novel features, both electrical and mechan- 
ical, and is known as the M-113. The frame 
of the mechanism, which supports the main 
shaft bearing and the bearings for the reduc- 
tion gears, is made so as to form a weather- 
proof case; and, with the door attached to 
it, this forms a complete protection for the 
working parts. This construction greatly 
reduces the number of parts required, and 


insures a more perfect alignment of the 
bearings than could be otherwise obtained. 
This mechanism is shown in Figure 10. The 
motor, by means of intermediate gears, drives 
the main gear, and to this latter gear are 
attached five steel driving pins which engage 
a pawl carried by the slot-arm. This slot- 
arm is secured to the main shaft, and serves 
to drive the signal to its clear position. The 
return of the signal to the stop position is 
effected by gravity, and this movement is 
cushioned by a buffer at the back of the 
driving gear. The stopping of the motor at 
the clear position is effected by converting 
the motor into a generator, and for this 
purpose a shunt field winding is provided, in 
addition to the series field. The electrical 
connections are shown in Figure 1]. Fora 
complete description of this signal, reference 
is made to General Electric Bulletin No. 4536. 

The last two signals described above show 
the highest development attained, respectively, 
in these types of electric motor signals. It 


Fig. 11. Diagram of Connections, Type M-113 Signal 


is believed that future development will be 
along the line of the top-mast construction, 
as it is universally recognized that reliability 
of operation is the supreme object of the 
signal engineer and of the signal manufac- 


turer, 
(THE END.) 


yy 
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NOTES ON THE DETERMINATION OF RAILWAY POWER 
STATION CAPACITIES 


Part I 


By E. E. KimpBauu 


The object of this article is to outline 
brietly the general procedure followed by 
engineers in preparing estimates on the power 
required for the operation of proposed trolley 
roads, and also to present some interesting 
data in connection with train resistance and 
energy consumption which will be of great 
assistance to those who are frequently called 
upon to make technical recommendations on 
substation and power station apparatus, 
distnbuting system, size of motors, ete. 

Requests for engineering recommendations 
are usually accompanied by a profile of the 
proposed road, showing grades, curves, loca- 
tion of stations, etc., and a description of the 
nature and volume of traffic the railway 
company expects to handle. Prior to the 
determination of the power station load, 
certain conditions more or less dependent 
upon each other must be definitely deter- 
mined, and in order that these conditions may 
be properly emphasized and a logical pro- 
cedure adopted, the following outline showing 
the steps in the calculations has been included: 

1. Determination of schedule speed as 
governed by the frequency of stops, align- 
ment, and profile of road. 

2. Determination of car weight from 
seating capacity, motor weight, and maxi- 
mum speed. 

3. Determination of energy consumption 
of trains. 

4. Determination of distnbution losses. 

5. Determination of headway, number 
of cars, and construction of train sheets. 

6. Determination of station load diagram 
from train sheets, average kilowatt per car 
and distnbution losses. 

The determination of schedule speeds from 
the motor characteristics by the method of 
plotting speed-time-energy curves requires 
a knowledge of train resistance values, as well 


as the fundamental laws of force and motion. 
For this reason it seems advisable to show 
the development of certain fundamental 
constants which enter into the calculations of 
a great many railway problems. 

Train resistance is that force which is 
directly opposed to the movement of a car or 
train, and includes rail and flange friction, 
rolling and bearing friction, wind resistance, 
etc. Within the past few vears a great many 
tests have been taken, both in this country 
and abroad, to determine values of train 
resistance at various speeds with several 
different types of equipment, and under more 
or less favorable conditions of track, road- 
bed, ete., and after a very careful investiga- 
tion of the conditions which existed in the 
actual tests, it was found that a single empir- 
ical formula could be derived which repre- 
sents the test values very closely. This 
formula is as follows: 

50 ov =. OV N-1 
F=0, + OV4 Up AUIt) 
Where F = train resistance in Ib. per ton. 
T= total weight in tons. 
V = speed in miles per hour. 
A@end cross section in square feet. 
N=number of cars in train. 


50 + * . *. 
*F has been limited to a minimum value 
1 


of 3.5. 

It is unnecessary to enter into the method 
employed for deriving the above formula, 
since one is seldom concerned with the bear- 
ing, rail and flange frictions, etc., as separate 
items, but it 1s interesting to note that the last 
term represents the effective wind pressure 
upon the head-end and sides of the cars. 
Vanous tests have been taken to determine 
the vanation of this pressure upon the front 
end of succeeding cars in a train and it was 
found to be about 10 per cent. of the total 
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pressure on the first car. It should be noted 
that the formula is perfectly rational in this 
respect. 

In order to present the data on train resist- 
ance in the readiest manner for reference, the 
above formula has been worked up in curve 
form for various weights of car, area of end 
cross section, number of cars in train, etc. 
These curves form the basis of the calcula- 
tions and tables which follow. 

It is customary to speak of a grade as so 
many per cent., meaning thereby the ratio 
of the distance raised to the distance covered; 
hence, the component of gravity along the 
grade, and opposed to the movement of a 
train “p is equal to 20 Ib. per ton (2000 Ib.) 
for every one per cent. grade. 

Curves are rated in two ways; namely, by 
degrees and by radius. The first method is 
adhered to by steam railroad engineers, 
since here the curves are seldom greater than 
10 or 15 degrees, which permits surveyors 
to easily line in a curve with a transit. A 
one degree curve is one so constructed that 
a 100 ft. chord will subtend, at the center of 
the circle, an angle of one degree. Hence 


) ( 
the radius of a one degree curve is ~~ xm 
~ 5730 ft., and the radius of any other curve 


n° = 38 = feet radius approximately. 
Curves have, however, little bearing upon 
energy consumption of cars on account of 
their limited length, but it has been found 
that the rad and flange friction while rounding 
a curte increases approximately at the rate 
of 4 1b. per degree of curvature. 

Frequently the distance between stops is 
so gteat that the equipment may be main- 
tained running at constant speed over the 
greater portion of the run. Thus it is essen- 
tial to know the power taken by a train when 
running at constant speed, in order to deter- 
mine the size of trolley and feeder, and the 
drop between substations, as well as the load 
on the main station. During constant speed 
running the power supplied to a train is just 


sufficient to overcome the train resistance, 
and the losses in the motors and control, etc. 
Hence, 
Horse-power output at rim of the wheels 
T x F x feet 
7 33000 x minutes 
T x F x miles x S280 
33000 x hours 60 
TxFxV 
3750 
When reduced to kilowatts the formula 
becomes 
Kilowatt output at rim of wheels 


_TxFxVx 746 


375 x 1000 

Z2xTxFxV ; 
Sn approximately 
2xTxFa V 

1000 x eff 

Where T= total weight of train. 

F=train resistance, including that 
due to grades and curves, in Ib. per ton. 

V=speed in miles per hour. 

eff.—efficiency of the motors at 
the speed V. 

The table on page SO has been inserted to 
show the kilowatt input required by trains 
of different compositions running at vanous 
speeds, assuming standard cross sections for 
carts of various types. 

The formula for energy consumption de- 
rived from the expression for kilowatt input 
is: 


and kilowatt input to train = 


Watt hours per ton mile= 
2xTxFxV 1 2xF 
Bf. * Txt" ef 
The actual energy consumption in any 
service will always be greater than the value 
thus derived, but will approach this value 
as the distance between stops increases. 


Speed-Time-Energy Curves: 


It is quite evident that the problem usually 
met on the majority of interurban and city 
trolley lines requires further investigation, 
since the distances between stops are usually 
so short that the equipment has barely time 
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enough to reach maximum speed before power 
is shut off and the brakes applied. This 


Tequires the construction of speed-time- 


Speed in Miles 


MOTOR CAR SERVICE 


energy curves, 


which consists in plotting 


instantaneous values of speed, current, volts 


and distances, corresponding to various sec- 


TABLE I 
KILOWATT INPUT AT TRAIN, CONSTANT SPEED RUNNING 
ON TANGENT LEVEL TRACK 


SINGLE-CAR TRAIN 


oT - * 
Per Hour 10 | 20 30 | 50 ou 70 &O 0 100 
20 Ton Car..........-.- | 6.5 16.2 32.0 56.7 OSi6 | sacks] tee: | ceed oar | eee 
30 “ nee aie Y 19.5 38.4 | 67.3 | 109.0 | 167.0 | | ceeccce | cece | cece 
40° “ Lent «684 | 88.1 44.1 70 | 3260) 1880 | 2760 | ccc | cece 1 Se 
oO * EN camossbernen . 14 25.6 49.2 S4.8 137.0 PLO0 305.0 430.0 584.0 | wu. 
60" Le ILS | 27.9 52.8 | 902 | 144.0) 218.0 316.0 | 442.0 | 599.0 | 792.0 
TWO-CAR TRAINS 
= - - 7 . 7 - 7 | 
2.20 Ton Cars... 9.3 224 | 425 72.5 | 116.0) 2 | | | cece 
2.30 " eee eeS 11.5 274 | S514 S7.0 | 137.0 206.0 © wu. 
249 °° 4) 182 «© Si. | ben 99.3 156.0 234.0 336.0 | BS neue 
2.50 " SS > eiaeite 14.8 35.5 | H6.5 111.0 175.0 261.0 374.0 620.0  GOOL0 — 
2-60 “ "ee 163 | BRS | 7TL7 119.0 185.0 274.0 390.0 , 540.0 | 720.0 945.0 
| 
THREE-CAR TRAINS 
3-20 Ton Cars... 11.4 27.2. 50.9 84.1 | 136.0 | ........ 
3-30 “ bt ene ARE 14.0 33.3 61.8 103.0 , 162.0 | 240.0)... 
3-40 ¢ 16.3 | 387 71.5 119.0 | 1850 2710 391.0 ee a 
3-50 * 18.4 43.7 80.6 134.0 206.0 | 308.0 487.0 602.0 805.0 
3-60“ * 20.1 48.0 87.4 144.0 222.0 326.0 460.0 635.0 925.0 1092.0 
FIVE-CAR TRAINS 
7 
5-20 Ton Cars... | 148 | 35.3 O54); 3000 t TREO We, Ys 2 om, Gens 
| a | 183 ) 43.5 80.0 | 133.0 | 205.0 | 303.0 | ne | cone | a Seiad 
540 “ .| 21.3 50.8 93.2 154.0 | 237.0 | 348.0 | 493.0 Sas sae oe 
5-50 “ * 26.2 61.8 | 112.0 | 183.0 | 279.0 | 406.0 | 568.0 | 773.0 | 1026.0 | aes 
5-60 ' ; 31.3 72.8 120.0 | 208.0 312.0 | 448.0 | 622.0 $35.0° | 1100.0 | 1415.0 


Constants Assumed 


Efficiency at full speed taken at 75 per cent. and based upon the use of d.c. geared motors. 


Cross sectional area of cars as follows:— 


20 Ton Car, Cross Section 
30 * 

40 “ . * Las 

60 ee La oo iia 


1 
1 
1 
1 


50 “se N-1 
Train resistance obtained from formula F= rE + .03V|+;—- -(1 + 


90 square feet 
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onds of time after car starts from rest. See 
Fig. 6. It will be noticed that the speed 
curves can be divided into five parts, namely: 

Acceleration, A to B; 

Motor curve acceleration, B to C; 

Constant speed running, C to D; 

Coasting, C to E; 

Braking, E to F. 


Acceleration consists in bringing a car up 
to speed by notching up the controller, dur- 
ing which time the voltage impressed upon 
the motor terminals is always less than the 
line potential, or full voltage of the motors. 
During this period the rate of acceleration 
can be held approximately constant by ,cut- 
ting out resistance as the car speeds up. As 
soon as full voltage is impressed upon the 
motor, the rate of acceleration gradually 
decreases until the input to the motors is 
just sufficient to keep the car running at 
constant speed. This portion of the speed 
curve between constant acceleration and 
constant speed running is therefore designated 
as motor curve acceleration, since its shape 
depends upon the characteristics of the 
equipment employed. 

In order that a motorman may make 
accurate stops, it is frequently necessary that 
the power be shut off some distance before 
the brakes are applied. During this period 
the momentum of the car is sufficient to keep 
it running at a constantly decreasing speed, 
which is designated as coasting. 

Braking consists in applying a force op- 
posed to the revolutions of the wheels, in 
order to produce retardation. The phenom- 
enon is therefore the opposite of acceleration, 
and may be treated the same way. 

Strictly speaking, acceleration or retarda- 
tion is the rate of change of velocity, and is 
expressed in feet per second per second. In 
railway problems, however, acceleration is 
usually defined in miles per hour per second. 
Thus, an acceleration of one mile per hour 
per second means an increase in speed of one 
mile per hour during each second, so that in 
# seconds after starting from rest a train 


will be running at ™ miles per hour. The 
force required to produce a given acceleration 
is obtained from the formula: 

Force = mass x acceleration, 

where force is expressed in pounds, and 
acceleration in feet per second, per second; 


sine = weight 
$2.2 ~ 
Hence, 
_ weightin pounds feet 
Pounds 32.2 seconds x seconds 
2000xtons 5280 x miles 1 


~~ 32.2 * 3600x hours * seconds 

= 91.1 x tons x miles per hour persecond 

Hence, an acceleration of one mile per hour 
per second requires a force of 91.1 lbs. per ton. 
In accelerating a train it is also necessary 
to accelerate the revolving parts, which is 
equivalent to about 7 per cent. more weight. 
The following table gives the accelerating 
rates usually obtained in practical operation: 


Accelerating Rates 

Miles per hr. per sec. 
Steam locomotive, freight service, 0.1 to 0.2 
Steam locomotive, pass. service, 0.2 to 0.5 
Elec. locomotive, pass. service, 0.3 to 0.6 


Motor Cars 
Miles per hr. per sec. 

Electric motor cars, interurban 

service, 0.8 to 1.3 
Electric motor cars, city service, 1.5 
Electric motor cars, rapid transit 

service, 1.5 to 2 
Highest practical rate, 2 to 2.5 

For a comparison of acceleration tests 
with steam locomotives and electric motor 
cars, see B. J. Arnold and W. B. Potter's 
paper read before the American Institute of 
Electrical Engineers, June 19, 1902, Vol. 19. 

For the same brake-shoe pressure the brak- 
ing rate is greater for low speeds than for 
high speeds, on account of the decrease in the 
coefficient of brake-shoe friction. It is usual, 
however, to assume a braking effort of about 
120 Ibs. per ton gross for ordinary service 
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applications on interurban lines. On steam 
roads the rate of braking of freight trains is 
considerably less on account of the time 
required to apply the brakes on all cars, and 
the necessity of reducing shocks to equip- 
ment and lading (caused by running in and 
out of the slack) toa minimum, A fair value 
to assume for the braking rate of freight 
trains is about 0.5 miles per hr. per second. 


The distance covered in a given time is 
equal to the product of the speed and time, 
where the distance is given in feet, speed in 
feet per second, and time in seconds, 

Hence, 

feet 5280 x miles 
seconds 3600 x hours 

onds = 1.467 x miles per hr. x seconds. 

Hence a speed of one mile per hour ts equic- 
alent to 1.467 feet per second. 

During acceleration and braking the speed 
is uniformly changing; hence it 1s necessary 


Feet = x seconds = xX sec- 


to take the average speed, thus: 
feet = 4} x speed x time = 4 xX acceleration x 
seconds? 


The above formulae are all that are neces- 
sary for the construction of speed-time-energy 
curves. The actual calculations, however, 
are best arrangedina tableas shown on page 83 
where a few points of Fig. 6 have been cal- 
culated to illustrate the procedure. The data 
assumed in these calculations is as follows: 


Weight of car 40 Tons 
Effective weight of car 42.8 Tons 
Number of motors d 

Rated horse-power of motors 125 
Characteristic curves of motor Fig. 5 
Accelerati t mot fab = = 
Accelerating current per motor— jo. =4)- = 


210 amperes. 


Accelerating constant per motor “> x91.1= 
975. 
For other methods of calculating speed- 
time curves, see C. O. Mailloux’s paper 
read before the American Institute of Elec- 
trical Engineers, June 19, 1902, volume 19. 
The schedule speed is obtained by divid- 
ing the distance covered in miles by the time 
of cycle plus stops in seconds, and multiply- 
ing by 3600. It is also customary to allow 


about 10 per cent. leeway in the running 
time to allow for reductions in speed while 
rounding curves, and to enable the equip- 
ment to make up time in case of forced delays. 
If the lav-overs at the end of the line are long 
there is little need of allowing any leeway 
in the running time, as delays mav be taken 
out of the liv-overs. 
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TYPICAL SPEED-TIME-ENERGY CURVE CALCULATIONS 


1 2 3 4 5 | 6 7 8 9 10 


| (4) Va-Va-1 \VatVe-, a 
From = Motor | Curves (3)-(4) ozs —~@® 2(7)) 2 x(7)x 1.467 | 
; T.. Train Net e Tina Total oe Total 
Speed | Amperes | Tract. Friction’ Tract. | Accel: Time rime Distance Dist. 
4 yd _, Effort Per Effort M.P. » From) Nhs From 
Motor — Per Motor > | H.P.S Seconds 6 Feet 
, Motor Per Motor Start Start 
| ' | 
== _ iS 7 - Le 
1. 29.0 210 | 1650 130 1520 1.560 a ee 205 aeeeee 
2. 30.0 185 1400 140 1260 1.200 78 19.4 34 329 
3. 35.0 123 soo .|—s*1 60 640 655 7.6 | 27.0 362 691 
40, 98 540 180 360 369 13.5 40.5 743 1434 
45.0 §1 385 205 iso 185 27.0 | 67.5 1685 3119 
n-1 350. 7 200 235 55 | 056 89,2 (156.7 6200 9319 
n. 52.5 65 250 250 | i cer) ere — wus,  2Sti(<‘i‘“;SC ig 
| | eee 
Coasting From 50 M.P.H. to 45 M.P.H. 
45 seca = 235 235 | +241 20.7 |177.4 1440 10759 
Braking 120 Pounds Per Ton Gross 
in * eee | serene jee 71200 | 1.23 | «36.6 = [214.0 1210 11969 


For the figures enclosed in parentheses, substitute the constants from the corresponding columns. 
(To be continued) 


THREE-PHASE—SINGLE-PHASE TRANSFORMATION 
By W. S. Moopy 


The fact that it is impossible to take single- The subject is perhaps most simply treated 
phase power from a quarter-phase or three- in Dr. Steinmetz’s article, published in the 
phase system by means of static transform- Transactions of the American Institute of 
ers, and distribute this power over the several Electrical Engineers, for 1892. In this article 
phases, was well demonstrated long ago. Dr. Steinmetz shows that the difference be- 


The desirability of accomplishing this result tween single-phase and polyphase systems is; 
is so great however, that many persons who that in the former the power delivered changes 
should know better frequently forget and from maximum to zero and back to maximum 
ask if it is not possible. The following note every half cycle; whereas in the latter the 
on the subject is given to show the impos- rate of power delivered is constant. There- 


sibility of securing this result. fore, any system, if it be capable of trans- 
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forming from balanced polyphase current to 
single-phase current, must be capable of 
storing up energy during the interval of time 
when the power delivered to the single-phase 
side is less than the power received from the 
three-phase side. 


Fig.2 


The static transformer is evidently in- 
capable of storing any energy, and therefore 
cannot possibly act as a means of trans- 
forming balanced three-phase current into 
single-phase current, or vice versa. To 
those who like to consider such problems in 
a mathematical way, the following demon- 
stration, which was worked out by Mr. L. F. 
Blume at my request, will be interesting. 
In this he takes one of the suggestions some- 
times offered for accomplishing the result; 
namely, the employment of three trans- 
formers, two connected in open delta and the 
third in reverse delta arrangement to the other 
two; and shows with diagrams that the 
whole combination is simply equivalent to a 
single transformer across one or two phases of 
the supply. 

Fig. 1 shows a normal delta, and an open 
delta with the third phase reversed. Fig. 
2 gives the voltages and current relation of 
the primary side, and Fig. 3 the same for 
the secondary side. 

If E is the primary three-phase voltage, 
then, with a ratio of unity between coils, the 
voltage AB of the secondary will be 2E, as 
shown, Suppose a non-inductive receiving 
circuit takes a current x from the secondary ; 
then, to balance the fluxes, the primary coils 
must each supply currents x in phase with 


the current in the respective secondary coils. 
Therefore, having only a single-phase current 
xin the secondary, the currents in the primary 
coils are equal in amount, and in the same 
direction as that in the secondary—except in 
the reversed coil, which merely turns the 
current vector through 180 degrees. 

The current in main A will be the vector 
sum of the currents in coils b and c, or zero. 
In main B, the current will be the vector sum 
of the currents in coils b and a, or 2x; and 
similarly the current in the main C will also 
be 2x. 

If I is the maximum effective current 
permissible in any primary main, then the 


ee | : 
value of x is -;. Therefore the maximum 


effective secondary current is , and the 


2 
amount of power delivered to a non-inductive 


load is 2E x= , or EI, 


Results just as good are obtained by simply 
using one single-phase transformer connected 
across two of the mains. In this case the 
maximum power delivered to a non-inductive 
load would be EI, the primary current being 
I in two of the legs, and zero in the third 


Fig. 3 


leg. It is therefore seen that nothing is 
gained by the suggested method, while much 
is lost in simplicity and efficiency. 

Other combinations have been investigated 
in the same manner, and in no case has it 
been possible to obtain a better result than 
that secured by using one transformer across 
two legs. 2 


CELLULOSE ACETATE COVERED WIRE 


By R. FLeminc 


Insulated copper wire is such a ruling factor 
in the design and manufacture of electrical 
apparatus, that any process which reduces 
either the cost of the insulated wire, or the 
amount required, is of great commercial 
importance. 

Silk and cotton are about the only mater- 
ials which have been used in the past for 
insulating purposes. The former is relatively 
expensive, while the latter, though cheap, 
occupies an unfortunately large proportion 
of the winding space, especially when the 
wire itself is small. 

Various chemical solutions have been ap- 
plied to wires in the attempt to secure a thin, 
though permanent insulation, which would 
be more economical to use than silk or cotton. 

Cellulose acetate, enamel, collodion, casein, 
albumen, glue, rubber, silk solutions, etc., 
were tried with more or less favorable results, 
but for commercial purposes cellulose acetate 
and enamel have proven to be the substances 
best adapted to the insulation of copper wires. 

The mechanical properties of the cellulose 
acetate film make it a desirable insulating 
medium for very fine wires. Its elasticity 
permits of considerable stretching of the wire 
before rupture takes place, thus insuring 
continuous insulation between wires on the 
finished coil. Its specific resistance is very 
high, so that the film, even though thin, 
provides ample insulation between turns” 
and between the layers of superposed wire, 
The evenness of the coating, and the regular- 
ity with which the film can be applied to the 
Wire, are important advantages; the finished 
wire is free from imperfections of coating, and 
presents an attractive appearance. 

This insulation can be colored any desired 
shade to harmonize with the surroundings. 
In case of very fine wire, a bright green makes 
a Satisfactory color, rendering it easy for the 
operators to see the wire, and to detect 
irregularity in the winding; but if these fine 


wires are colored a neutral tint, they are 
practically invisible, and winding them is a 
difficult operation, 

The sizes of wire best suited to this process 
are from 0,003 in. in diameter, or even finer, to 
those as large as .005in. For larger sizes, the 
enamel coatings are more suitable. 


Pig.1. Acetate Wire-Coating Machine in Operation 


Cellulose acetate has been used for a 
number of years for the windings of meter 
armatures, where light weight is of great 
importance. 

The following tabulation shows some of 
the more important comparisons of data: 


03 Diam. of Copper Acetate | 7 | Foie td 
Thickness of insulating film 0005 , .0009 00175 
Wire space factor 442 318 -167 
Wt. per thousand feet (Ibs.) .033 | .036 .049 


With acetate coated wire the greatly im- 
proved space factor means, that for a given 
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number of turns on a given form, the mean 
length of turn and total weight of wire 1: 
greatly reduced. This is shown in the fol- 
lowing tabulation, which is drawn up on the 
basis of a perfect winding 


Diameter of spool 1 in. 
Length of spool 1 in. 
Number of turns 100,000 
Diameter of copper 003 in. 
Outside . | Priee per 
Insulation of Diam mi Resistance ‘Coit: one te 
Conductor Coil (Ohms) (Lbs.) Rive samt 
(Inches) cost of col 
Acetate | 4.20 71300 2.22 | $7.50 
Single silk 5,53 89500 3.04 5.50 
Single cotton | 9.50 | 144000 6.73 2.50 


These coils are shown in Figure 3, which 
illustrates the great reduction in size made 
possible by the use of film-coated wire. 


tabs pete 


7 Hon meh ps T 
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Fig. 2. Acetute Wire-Conting Machine 


The great decrease in size shown in the 
above tabulation, would, in itself, be enough 
to warrant the use of acetate wire for many 
kinds of coils, 

Another great advantage of acetate wire is 
that it is not affected by ordinary atmos- 
pheric conditions, whereas all] fibrous mater- 
ials absorb large quantitics of moisture. 
Complete drving and impregnating processes 
are necessary for fibrous insulations. if long 
life is to be expected of them. 


Manufacturers of telephones and other 
specialties, who use fine wires, will find film- 
coated wires of very great service in reducing 
the cost, and also the size, of their apparatus. 

In the Lynn acetate wire-coating machines 
the solution automatically passes from the 
mixing reservoirs to the coating portion of 


Fig. 3. Relative Sizes of Acetate Coated. Silk and Cotton 
Covered Coils of the Same Number of Turns 


the apparatus. Here, by a system of transfer 
wheels, the solution is applied to the revolving 
coating roll, which, in turn, deposits it on the 
moving wire. The quantity of solution placed 
on the wire must be adjusted to a nicety; 
therefore mechanical scrapers are employed, 
which remove the excess and leave just the 
proper amount to be deposited on the wire. 

After receiving its coating of solution, the 
wire passes through the oven at the rate of 
several hundred feet per minute. The vola- 
tile solvent is here driven off and the coating 
hardened, after which the process is repeated 
until numerous coatings have been applied. 
This method insures an even distribution of 
the film over the whole surface of the wire. 

To keep the fine wire moving at such a 
high rate of speed, a very delicate adjustment 
of the moving parts is required, for the 
slightest unevenness of motion is sure to 
break the wire. This is prevented by friction 
drives and friction tension devices, which 
insure a perfectly uniform motion. 


THE GENERAL ELECTRIC COMPANY'S PRINTING PRESS 
EQUIPMENT WITH PUSH BUTTON CONTROL 


By F. E. Vickers 


The application of the electric dnve to 
large pnnting presses requires a nicety of 
control which is not often needed in other 
lines of work, In the case of a large sextuple 
press requining a 50 h.p. motor to dnve, with 
the heavy pressure of the plates against the 
blankets, the dragging of the ink rollers, and 
the stickiness of the ink, a very large starting 
torque is necessary to put the press in motion; 
once in motion, the torque required ts greatly 
reduced. It is necessary that the press be 
started off very slowly to prevent breaking 
the sheet, should there be a little slack be- 


the part of the push button stations, as well 
as upon the controller itself. This problem 
of electne dnve has been very satisfac- 
tonly solved by the General Electric Com- 
pany ina number of press equipments fur- 
nished the San Francisco Chronicle. In 
addition to a CLB-50 hp. compound-wound 
main dnve motor, and a CQ-10 h.p. senes- 
wound auxihary motor, these equipments 
include a C-30 master controller, operated 
from the push button) stations, and 


the well-known Type M_= control contact- 
ors. 


Fig. 1. Cylinder Press of the San Francisco Chronicle, General Electric Push Button Control 


tween the paper roll and the cylinders, and it 
is alsonecessary that a very slow and uniform 
speed be maintained for perhaps two or three 
minutes at a time for threading in the paper. 
After the paper has been threaded in, a 
uniform acceleration of the press is necessary 
up to its maximum speed, as any sudden 
change from one speed to another is almost 
certain to break the sheet, causing delays as 
well as waste of paper. 

The modern method of push button control, 
with push button stations located on vanous 
parts of the press for the convenience of the 
pressman, requires absolute reliability on 


The sextuple Hoe presses of the San Fran- 
cisco Chronicle are equipped with six or more 
push button. stations, cach push button 
station consisting of a “start button for 
accelerating, a “slow button for deceler- 
ating. a’ stop button for stopping the press 
quickly, and a “safe and “run” switch 
for preventing the starting of the press when 
" button is in on any one of the 
Also, when any “safe "' 


the “ safe 
push button stations 
button is in while the press is in operation, 
itis impossible to accelerate the press, but the 
deceleration or stoppage of the press im the 
regular way is not interfered wath. 
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Master comtretier, 
“23% Tutton stations on 
the press. is meuntel on a suitable switch- 
Leard pase:. with an ammeter. switches, etc., 
and this master controler operates Type M 
contactors, which are mounted in the motor 
pit, together with the motor resistances. 


PFig.2. Motor and Rheostats Located in Pit under Press 


The main motor is geared direct to the main 
press shaft, and on this matn press shaft is 
mounted a magnetic clutch, the loose portion 
of which is geared to the auxiliary motor, 
by which tt is operated through a worm gear 
and intermediate spur gears. The auxiliary 
motor is series-wound, and the magnetic 
clutch is also in serics with the auxiliary 
motor. 

The master controller on the switchboard 
is so arranged! that when the starting button 
is pressed in, and the controller is notched up 
to the first or second point, and the starting 
button then released, the controller will drop 
back to the off position. When notched up 
to the third point or bevond, it will remain 
Stationary when the starting button is re- 
leased. If the starting button be held in 
continuously, the controller will be slowly 
notched up until the motor attains its highest 
speed. The slowing-down button operates 
the controller in the same manner, but in the 
opposite direction, the controller slowly notch- 
ing down as long as the slowing-down button 
is held in 


The auxiliary motor is so connected on the 
first three controller points, that on the third 
point the auxiliary motor is in full operation. 
The main motor, being geared directly to the 
press, runs with the small motor. but without 
current. When the controller passes to the 
fourth notch the current is cut off from the 
auxiliary motor and clutch; the clutch opens 
and the auxiliary motor comes to rest. At 
the same time current is thrown on to the 
main motor. which then takes the load, and 
can be speeded up to any desired speed by 
notching up the controller. 

A by-pass switch has been provided which 
permits the operation of the auxiliary motor 
and clutch during the upward or accelerating 
motion of the controller. but cuts them out 
of service on the return stroke of the con- 
troller, thus avoiding any danger of stripping 
the worm gear of the auxiliary. 

On the controller panel a red signal lamp 
is provided, this lamp being lighted at all 
times when current is on either of the motors. 
The lamp circuit is opened when the controller 
is at the bottom of its stroke, and the press- 
men can thus make sure at a glance that the 
power is off before entering dangerous places 
about the press. 


s _~ 
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Fig. 3, Series Motor, Worm Gear and Magnetic Clutch 


Where several presses in the same room 
are in Operation at one time, it may be difficult 
for the pressmen to determine, from the sound 
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of the controller, when the third point has 
been reached; this being the position of the 
controller for threading in the paper. Under 
these conditions, an arrangement can easily be 
provided to light a small signal lamp at each 
push button station on the press, to indicate 
when the controller is on the third notch, 
these lamps being operated through a switch 
which is closed only when the controller is 
on the third point. 

The acceleration of the press is very uniform 
and smooth, and the breaking of the sheet 
has been reduced to a minimum. The 
auxiliary equipment is so speeded that when 
the pressmen wish to get a" turn-up"' in order 


Figure 1 shows the first press installed by 
the Chronicle since the great fire. A portion 
of the second press may also be seen in the 
photograph. Two controlling panels are 
shown mounted on a column at the left of 
the picture, and are so placed as to give a 
clearance of seven feet from the floor, in order 
that the floor might be left clear for the 
handling of paper. The column is of struc- 
tural iron surrounded by brick work, and the 
panels are mounted on iron straps clamped 
around this brick work. Two push button 
stations are shown, one on either side of the 
folder of the press, The 50 h-p. main driving 
motor is in a pit, which is covered by the 


Fig. 4. Self-contained Set for Driving Cylinder Press. Push Button Control 


to put plates on the cylinders, they can do 
so by " jogging "’ the cylinders a half inch, 
or even less, with accuracy and ease. More- 
over, the plate cylinders can be given a half 
turn, and stopped at any desired point with 
great accuracy, thus reducing delays in 
“spotting "’ to a minimum, The auxiliary 
motor gives a speed of about ten revolutions 
of the press cylinder per minute, which is a 
very satisfactory one for threading in the 
paper. A still slower speed can be obtained, 
if desired, by jogging the press along on the 
first and second notches of the controller. 


planks appearing just at the left of the press. 

Figure 2 shows the 50 h.p. motor, with 
contactors and rheostats, in the pit beside 
the press. 

Figure 3 shows the auxiliary equipment, 
which is mounted on the shaft driven by the 
main motor, and gives a very good view of 
the magnetic clutch and its brush-holders, 
while the worm gear and a portion of the 
motor are also plainly visible. The gear 
which meshes with the motor pinion is just 
through the wall shown on the left of the 
picture, 
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Figure 5 shows a self-contained set for the 
San Francisco Examiner, consisting of a 
60 h.p, main driving motor, and a 10 h.p. 
auxiliary motor, mounted on a common base. 
This differs from the Chronicle equipment 
in the assembly only, The entire set is 
mounted in a pit outside the frame of the 
press, and a section of this frame, included in 
the picture, shows the location of the appa- 


ratus with respect to the press, the coupling 
on the shaft being underneath the latter. 

The controller has been very carefully 
developed, and it is thoroughly “ fool-proof,”’ 
so there is no possible way of causing any 
damage to the press or electrical equipment 
by pushing a wrong button. The entire 
outfit has proven very reliable and thoroughly 
satisfactory. 


MILL TYPE ENCLOSED ARC LAMP FOR 220 TO 250 VOLTS 
D. C. CIRCUITS 


By G. N 


Some of the most severe operating condi- 
tions met with in the field of arc lighting are 
found in the case of the nominal 220 volt 
power circuit as generally used in iron and 
steel mills, The varying potential of such 
circuits as have a large percentage of motor 
load, together with the high temperature, 
extreme vibration, and the presence of large 
quantities of fine metallic dust, makes it 
necessary that a lamp be designed specially 
to meet these requirements. 

This new lamp, as shown in the accompany- 
ing illustrations, is of the well-known two- 
rod type. The lamp top is the General Elec- 
tric standard casting, with large porcelain insu- 
lator suspension, such as is used for high 
potential series circuits, This top is equipped 
with large two-screw cast binding posts, each 
insulated with porcelain bushing, thus avoid- 
ing any possibility of grounds or short cir- 
cuits from collection of metallic dust. Within 
the lamp casing similar precautions are also 
taken against grounds by the use of large 
lava and porcelain bushings, 

The windings are of the bare wire cdyewise- 
wound type, insulated with non-combustible 
material. The series lifting magnet being of 
vopper Wire, and series resistance of German 
silver, There being no inflammable mater- 
ial, the destruction temperature is the melting 


“Wy 
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point of the German silver wire. This is a 
very important consideration in the adoption 
of a lamp for 220 volt circuit, as with 
3.0 amperes current, there are 660 watts 


Fig. 1. Mill Type Enclosed Are Larnp 
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energy to be dissipated; and with maximum 
current possible (short circuited arc) there 
are about 1800 watts energy to be dissipated. 
For 235 volt and 250 volt circuits the wattage 
is correspondingly higher, 

That portion of the heat which radiates 
from the arc is separated as far as possible 
from the heat of the lamp windings which are 
attached to the lamp cover, An air space 
between the gas cap and the lamp base frame, 
together with the open air space between the 
globe ring and casing, quite effectually keep 
the heat of the are away from the lamp 
mechanism. 


Fig.2, Mill Type Enclosed Lamp, Casing Removed 


The dashpot is the | in. standard graphite 
plunger type, equipped with a phosphor- 
bronze cap to exclude all dirt and dust. The 
placing of dashpot below and directly in line 
with the operating magnet, allows of large 


clearance between shell and plunger, This 
arrangement assures close current regulation, 


aside from being the coolest place within the 
lamp mechanism. 

There is but one wire or lead used in the 
lamp, this being the German silver, glass 
bead insulated flexible cable connecting 
the magnet to the movable upper carbon 
holder. 


Fig. 3. Upper Carbon Holder, Cable and Terminal 


Fig. 3 shows the method of attaching the 
cable, both to the magnet winding and the 
upper carbon holder, The terminals, at- 
tached without solder, and the special sup- 
ports which avoid sharp bending of the cable, 
together with the material used, assure per- 
munent connections. 

The main body of the casing is black oxt- 
dized solid copper 7 in. in diameter. The 
lower portion, for supporting the globe ring, 
is 5 in. in diameter; thus furnishing an open 
space between the two for ventilation of the 
mechanism chamber. The increased draft, 
together with the large radiating surface 
of the 7 in. copper casing, facilitates the dis- 
sipating of a large amount of heat. 

While such abnormal tests of lamps are not 
recommended, and at best do the lamp no 
good, it may be interesting to note that lamps 
have been connected to a 250 volt circuit with 
carbons short circuited for three days, 12 
hours per day, and then operated normally 
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for several weeks. Aside from a discolora- 
tion of the casing and internal parts, the lamps 
were in no way damaged. 

While nearly all enclosed are lamps have, 
in past years, been equipped with switches, 
it is a recognized fact that only a small per- 
centage of these switches are ever used. 
Many of the larger are lamp users are now 
specifying that their lamps be furnished with- 
out switches. The lamp top without switch 
is shown in Fig. 2, and is recommended, 
though the lamp can be furnished with a 
switch if required, 

The enclosing globe support is the same, 
with the exception of length, as that used on 


standard serics alternating GE lamps. It 
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consists of a phosphor-bronze bail and phos- 
phor-bronze spring at the bottom of the globe. 
The spring allows of sufficient compression to 
admit of the use of globes furnished com- 
mercially, and its position at the lower ex- 
tremity of globes assures its remaining at a 
safe temperature. 

Outer globe, Cat. No. 26393, globe ring 
Cat. No. 3568, enclosing globe No. 46, and 
carbons 12 in. x 4 in. upper, 44 in. x 4 in. lower 
are used, these being the tvpes used on any 
closed base type enclosing globe, D, C. Mul- 
tiple lamps of GE standard type. Any 
standard combination of globes, shades, re- 
flectors or diffusers are applicable, 


A NEW SWITCH INDICATOR 


my ‘8: 


The General Electric Company has just 
completed the development of a new switch 
indicator for use in connection with automatic 
rulway signals. This indicator, 
Type SI-104, is of a 
is the outcome of 


known as 
novel design which 


suggestions of well- 


Fix. 1. Switch Indicator, Type SI-14 


known signal engineers who have had wide 
experience in the operation and maintenance 
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COREY 


of this class of apparatus. The front view 
of this indicator is shown in Fig. 1. 

For those not familiar with this class of 
apparatus, it may be stated that a switch 
indicator is a device placed along the side of 
the track close to a switch, to indicate to the 


Fig.2. Switch Indicator with Back Open Showing Mechanism 


train crew the presence of a train in the 
vicinity of the switch. In case the track is 
clear, the operating coil of the indicator is 
energized, and the miniature semaphore is 
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held in ‘‘clear’’ position, indicating that the 
switch may safely be opened. Provision 
must be made to open the signal circuit when 
the switch is thrown so as to give pro- 
tection to the train which is using the switch. 
Such indicators are used in large numbers by 
railroads equipped with automatic signals. 
Fig. 2 shows a back view of the SI-104 
indicator, with the door open. Fig. 3 is a 
diagram of the internal connections. The 
advantages of this indicator are as follows: 
With the indicator “clear,” a resistance 
equal to double that of the operating coils 
is connected in series with them, thus reducing 
the current consumption to one-third. With 
the indicator at ‘‘danger,’’ this resistance is 
cut out by a “back contact”’ carried by the 
armature, as shown in Figs. 2 and 3. The 
operating torque of the indicator is strong, 
and its release, effected by gravity, is positive. 


Resistance Tubes 
Operating 
Corls 
TOL ine 
weres 
Armature 
Connections of S!/-/04-A Switch (ndicator 
Danger Position) 


Fig. 3. Diagram of Connections 


The case of this indicator is made absolutely 
weatherproof by means of a gasket of elastic 
felt surrounding the door opening. This 
elastic felt has proved to be far more satis- 
factory than the tubular rubber gaskets used 
by other manufacturers, as rubber deterior- 
ates rapidly, causing a leaky joint, and is 
frequently torn when opening the case, due 
to its sticking to the cover. The case pro- 
jects well over all operating parts, affording 
the greatest possible protection when it is 
necessary to open the door in stormy weather. 


The connecting wire enters the bottom of the 
case through an insect barrier of elastic felt, 
similar to that used for the gaskets around 
the doors; while the dial is so designed that it 
is impossible for spiders or other insects to 
gain access to the blade. 

The terminals are mounted on moulded 
insulation similar in composition to that used 
in General Electric signal relays. The mag- 
nets are wound with enameled waterproof 
magnet wire. The resistance tubes are of 
substantial construction. 

The armature and shaft bearings are cy- 
lindrical, the journal being made of hard- 
drawn german silver. Provision is made 
inside the case for the attachment of a two- 
way General Electric Lightning arrester, 
which is furnished when required. 

The indicators are manufactured with four 
different resistances, as follows: 


Resistance of Total 
Operating Coils Resistance 
250 ohms. 750 ohms. 


5000 15000 ** 
750 2250 —** 
100000 ** S000 0" 


QUESTIONS 


(This section is open to inquiries upén engineering subjects. 
The questions will be submitted to the respective departments 
and such as are of general interest will be answered in this 
column, while those of less importance will be answered by letter.) 


Q. Will two 150 kw. transformers of given 
voltage, frequency and temperature 
characteristics connected in open delta on 
three-phase system, give 300 kw. output in 
three-phase current with the same tempera- 
ture rise as three 100 kw. transformers of 
the same characteristics connected in closed 
delta on three-phase system? If not, what 
will be the difference in output at normal 
temperature rise? 

A. Let us carry the assumption a trifle 
further and assume that the secondary 
voltage is 1000. Then, when three 100 kw. 
transformers are connected in closed delta, 
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the current im each transformer ts 10) am- 
peres. The current in the line ts WOxy, 3. 
or 173 amperes Under these conditions the 
transformers will give normal temperature 
sé. 

Assuming that two 150 kw. transformers 
are connected in open delta. the line current 
is. of course. the same as the above. or 173 
amperes. Normal current of the trans- 


formers is but 154) amperes. and each trans- 
former is therefore overloaded the difference 
between 173 and 150 amperes, which amounts 
to 15 per cent. The proper load for normal 
heating on each of the 150 kw. transformers, 
when connected in open delta. would be 
150 kw.. minus 15 per cent. or approxi- 
mately 130 kw. 


NOTES 


EMERGENCY SHIPMENT FOR THE GREAT 
NORTHERN RAILWAY LINE 

On Friday night. November Sth, Eleva- 
tor C.one of several owned by the Great 
Northern Railway at Superior. Wisconsin. 
was destroved by fire. On Saturday morn- 
ing, when it became possible to approach 
the ruins, it was frund that the power house 
which supplied electnc power for these 
elevators had been totally destroved, although 
Elevators S and X were undamaged. Owing 
to the near closing of navigation on the Great 
Lakes it was of extreme importance to the 
owners to get these elevators into service at 
the earliest possible moment. 

Arrangements were made with the Great 
Northern Power Company of Duluth, and the 
Superior Water & Light Company, to furnish 
about 600 kw. in 60 cycle, 2500 volt current. 
The induction motors in the elevators were 
400 volt three-phase machines, and it was 
therefore necessary to obtain suitable trans- 
formers for reducing the voltage. In the 
emergency, the Railway Company shipped to 
Superior the transformers which were in use 
in St. Paul on the transmission line between 
the Railway Company's Jackson Street power 
house and Dale Street repair shops. These 
were received at the Elevators by special 
car on Sunday morning. 

Meanwhile, Mr. R. A. Swain, representative 
of the Power and Mining Department of the 
General Electric Company at Duluth, had 
been appealed to by the railway officials to 
get some transformers to replace those taken 


from St. Paul, in order that the Dale Street 
shops might not be shut down any longer than 
necessary. 

On Saturday evening Mr. Swain telephoned 
the Assistant Manager of the Chicago Office 
of the General Electric Co., at his residence, 
and explained the situation; and he in turn 
telephoned the Sales Manager of the Trans- 
former Department, Schenectady, who, before 
noon on Sunday replied that the transform- 
ers could be shipped, and that a special ex- 
press car had been secured. Mr. Swain was 
then advised and took the matter up with 
the railway officials at Superior, and these in 
turn were obliged to telephone to St. Paul 
for the necessary authority. Upon receiving 
word that this was secured, the Assistant 
Manager at Chicago again got into communi- 
cation with Schenectady, at about three 
o'clock in the afternoon, and ordered ship- 
ment. In order to load the transformers it 
was necesSary to secure a gang of men and a 
train operator. These, however, were ob- 
tained, and Sunday night the special express 
car containing the transformers was attached 
to the Lake Shore passenger train No. 37, 
and reached St. Paul at 8 a.m. Wednesday 
morning, November [3th. The following day 
the Dale Street shops were in operation at 
the usual starting time. 

This illustrates what can be accomplished 
in a real emergency, when those to whom 
appeal is made rise to the occasion, and the 
customer's interests are made paramount to 
personal comfort and convenience. 
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The Public Service Commission of the 
State of New York, 2nd District, have ex- 
pressed their approbation of General Electric 
Portable Instruments, Type P-3, by placing 
an initial order for four voltmeters and eight 
wattmeters. Additional orders will undoubt- 
edly follow as the commission extends the 
scope of their tests. These instruments will 
be used by the Inspector of the Commission 
as working standards to check the standards 
of the central station, and also in the testing 
of integrating wattmeters. The order was 
given the General Electric Company solely 
on the basis of merit. 

* * * 


Since the above item was written, an order 
has been received from the Commission for 
ten additional instruments and one potentio- 
meter outfit. 

* * * 

The following letter from Mr. Boisen, of the 
Board of Public Works, Holland, Mich., de- 
scribes a novel use made of General Electric 
flatiron heating units: 

“We had to renew a crank pin on the high 
pressure side of a 500 h.p. cross-compound 
engine, The new pin was made 6 in. in 
diameter, jj in. taper, to be shrunk in a 
disk 43 in, outside diameter, 5 in. thick. 
To do this we had to expand the disk by heat- 
ing. The engineer wanted to use blow 
torches below, and pieces of iron brought to a 
white heat ina blacksmith forge, which would 
burn the paint and make an all-around dirty 
job. Having some General Electric 6 Ib. 
flatirons on hand, I thought it would be an 
easier and cleaner job to heat the disk with 
the heating units from the flatirons. I there- 
fore placed a row of heating units in the 6 in. 
hole in the disk, and an iron core 3} in. in 
diameter in the middle to hold the heating 
unit in place. The current was then turned 
on for four hours, after which the disk was 
sufficiently hot. The heating units were at 
about white heat all the time, and during the 
last hour I expected to see them melt any 
instant; in fact, two of them did melt on one 


side. The brass tubing melted, but still 
there was no short circuit. The heating 
units were afterwards replaced in the flat- 
irons, and put out in service. I have kept 
track of them ever since, and they have not 
given any trouble after three months use, one 
of them being in a laundry, and used forty 


hours a week.”’ 
* * * 


SUPPLY PARTS-LYNN WORKS 


The advantage of a decentralized system 
in a large business has been clearly shown by 
the reorganization of the Supply Parts 
business, 

In 1906, 4,000,000 supply parts were 
shipped representing in value 6 per cent. of 
the entire output of the Lynn plant. This 
vear the business has actually doubled, but 
notwithstanding this phenomenal increase in 
business, shipments are made more promptly 
than ever. 

Six months ago the department was _reor- 
ganized to the present system, where each 
manufacturing department carries stock, and 
fills its supply parts requisitions, as well as 
those calling for completed apparatus. 

Approximately 30 per cent. of the orders 
are shipped the day they are received, and at 
least 90 per cent. of them are filled within 
one week's time from that date. It is antici- 
pated that the careful study of the situation 
now being given the subject will still further 
increase this percentage. 

é. -¢- 

A large single order of direct current 
motors and controlling equipment has _ re- 
cently been closed by the New York Office of 
the General Electric Co. 

The apparatus will be installed in the Hud- 
son Companies’ Church Street terminal build- 
ing. ; 

The motors, which aggregate 6354 h.p. are, 
with one exception, of Type CLB; they will 
be used to operate ventilating fans, an air 
compressor and various pumps. 

All of the motors had to conform to very 
rigid specifications, inasmuch as no part 
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of the machine should show a temperature 
tise by thermometer of more than 47° C, 
when operating under maximum rated 
output at maximum speed. 

Another important feature of this order 
is the fact that all the controlling apparatus 
for these motors, both automatic and non- 
automatic, will be of the General Electric 
type, instead of that named in the specifi- 
cations; for the customer, after a thorough 


examination of General Electric controlling 
apparatus, decided in its favor. 

The automatic controlling apparatus con- 
sists of a compound speed regulator, and 
automatic starting and stopping device, 
in connection with pressure regulator and 
relay, while the non-automatic controlling 
devices will be the standard General Electric 
Co, R.F.O. and §. F.O. hand-operated 
rheostats 


PATENTS 


The following Patents were issued to the General Electric Company 
during the months of October and November 


867,415 Oct. 1, F. W. Richey Rail Bond 

867,416 ze i Electrical Conductor 

867,456 “ W. 5. Weedon Electrode for Arc Lamps and Method of Making the Same 
867,475 E.R. Carichoff Motor Starting Rheostat 

867,476 = ag System of Control 

867,481 “ F. P. Cox Prepayment Meter 

867,482 “A. S. Cubitt Locking Machanism for Controller Handles 
867,486 “* —$. T. Dodd Electric Locomotive 

867,496 *“ —H. Geisenhoner Fuse 

867,509 " rat hag rca Electric Switch 

867,519 ” IF . Marshall Electric Furnace 

867,533 a . N. Ransom Air Brake System 

867,545 ‘“ —F. H. Weston Filling for Thermal Cut-outs 

867,547 “  W.C. Yates Starting Device for Alternating Current Motors 
867,561 “Davis & Haskins Measuring Instrument 

868,171 Oct. 15, F. Eichberg Control of Alternating Current Motors 
868,190 “ C.D, Knight Dynamo-[lectric Machine 

868,362 “ E.D. Priest Motor-Driven Pump 

$68,379 “ _E. Weintraub System of Electrical Distribution 
868,380 = = System of Electrical Distribution 

868,381 “ —H. E. White Motor Control System 

868,410 “ — W.L, R. Emmet Turbine Bucket 

868,464 “A. S. Mann Control System 

868,481 * —H. N. Ransom Air Brake System 

868,500 *  O. Junggren Elastic Fluid Turbine 

868,592 “ — C. E. Barry Air Brake System 

868,728 Oct, 22, D. W. Taylor Control of Motor-Operated Doors 

868,752 “RR. E. Barker Variable Reactive Coil 

868,787 “©. Junggren Elastic Fluid Turbine 

S6S8,880 “ R. H. Rogers Trolley Operating Valve 

869,058 a .G. Callan Speed-Changing Device 

869,138 “  W. LL R. Emmet System of Lubrication for Elastic Fluid Turbine 
869,185 “  M. Latour Self-Exciting Alternating Current Dynamo 
869,186 en "3 Shunt-Wound Self-Excited Alternator 
869,187 oe * Compounded Self-Excited Alternator 
869,500 Oct, 20, R. Fleming Are Lamp Electrode 

869,501 ga > = ite - 

860,514 “  C. Macmillan Resistance Unit 

869,352 “OM, W. Day Motor Control System 

869,356 * —W. Fiedler Motor Controller 

869,359 ** M. Fuss Relay for Circuit Breakers 

869,364 * L. A. Hawkins Air Brake System 

869,365 as i Block Signal System 

869,413 * —W.S. Bralley Frequency Changer 

869,442 “OW. D. Litchfield Apparatus for Measuring Speed of Rotation 
869,444 ** —G. Macloskie Air Brake System 

869,459 *  W. B. Potter Electric Railway System 

S69. 464 “ G. E, Stevens Electric Heater 

869,465 * S$. B. Stewart Third Rail Contact Shoe 

871,097 Nov. 12, M. H. Branin Sealing-in Machine 

871,160 19, oe Stem-Making Machine 

871,171 * —O, O, Kruh Vapor-Rectifier System 


General Electric Company 


General Electric 


Lightning Arresters 


Relieve electrical systems from excessive voltages incident to lightning 
discharges, line surges, and other line disturbances. 


Its arresters are the result of the most thorough, scientific and practical 
investigation of high voltage phenomena ever undertaken, and arresters 
have been standardized for all conditions ordinarily arising in the com- 
mercial operation of lighting and power systems. 


If you will state your conditions the General Electric Company stands 
ready to offer you the assistance of its engineers who will advise you the 
best type of arrester to be used on your system. 


Large stocks of standard arresters are carried to meet all ordinary con- 
ditions, and ample manufacturing facilities permit the prompt shipment 
of special arresters to meet unusual conditions. 


New York Office Principal Office Seales Offices in 
44 Broad Street Schenectady, New York All Large Cities 
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Electrical Illumination of Niagara Falls 


Concentrated Aurora 


New York Office 
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General Electric Company 


Two Aids to Better Service 


THE GE LUMINOUS 
ARC HEADLIGHT 


INCREASES SAFE 
SPEED AT NIGHT 


The GE Luminous Are Headlight 
is suitable for operation either in 
series with car-lighting system or 
substitutional resistance. Operated 
at 4 amperes direct current. Can 
be adjusted for any line voltage 
from 450 to 650. More efficient 
than any other headlight. 


Are maintained at focus of 
reflector, insuring permanent 
direction of rays. 


Improved I[llumination 


Principal Office 
Schenectady, New York 


BELMONT TUNNEL 
NEW YORK CITY 


LIGHTED BY GE LUM- 
INOUS ARC HEADLIGHT 


Track Brilliantly [Illuminated for One-third Mile 


Life of electrodes: 2,000 to 3,000 
hours for upper; 50 to 75 hours for 
lower. 


Lower electrode needs adjusting 
but once in ten hours. 


ing globe used. 


No enclos- 


Light can be dimmed by reversing 
current through lamp — no expense 
or bother of having incandescent 
lamp or screen. 


at Reduced Expense 


Sales Offices in 
All Large Cities 
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LORD KELVIN 


Lord Kelvin (William Thomson) one of the 
greatest scientific men of the 19th century died 
at Glasgow, Scotland, on December 16th, 1907, 
at the age of eighty-three years. Like so many 
of Great Britain’s most brilliant men, he 
was by birth an Irishman, and was born in 
Belfast on June 25th, 1824. 

When William Thomson was only eight 
years old, his father, Dr. James Thomson, was 
made Mathematical Professor at Glasgow 
University, and the education of young 
Thomson was carried on in the College of 
Glasgow, where he won many prizes, including 
the University prize for an essay on the ‘' Fig- 
ure of the Earth,”’ written when only fourteen 
years old. Atsixteen years of age he entered 
St. Peter's College, Cambridge, England, but 
did not take his degree until 1845, when he was 
twenty-one years old. He was then placed 
Second Wrangler and also won the coveted 
distinction of Smith's Prizeman, which is gen- 
erally considered a more noteworthy achieve- 
ment. Thomson was by no means a book- 
worm only, but devoted himself to athletics, 
especially to rowing, winning the Colquhoun 
Sculls and rowing in his college boat when it 
was second on the river. He was also 
President of the Cambridge Musical Society. 

Soon after taking his degree, he was made 
a Fellow of his college, and at the age of 
twenty-two became Professor of Natural Phil- 
osophy in the University of Glasgow, which 
post he occupied for the unprecedented 
period of fifty-three years. 


Lord Kelvin was married in 1852 to Miss 
Margaret Crum, who died in 1870; in 1874 
he was again married to Miss Frances Anna, 
Lady Kelvin, by whom he is survived. 

Lord Kelvin's genius was not confined to 
any one branch of engineering or science, 
and it can be truly stated that he combined 
in himself three different kinds of intellectual 
attainment, any one of which would stamp 
him as remarkable. He was not only a 
great mathematician and wonderful scien- 
tific discoverer, but also had the extremely 
rare faculty of applying fundamental scien- 
tific principles and recondite speculations 
to practical inventions; in addition, he was 
an acute business man. Endowed with such 
parts, it is not wonderful that he illuminated 
everything he touched, -or that he enriched 
the human race with commercial inventions 
of the most epoch-making character. 

Professor Thomson was knighted in 1866 
by the Lord Lieutenant of Ireland for his 
services in connection with the laving of 
the first two trans-Atlantic cables completed 
in that year. Not only did he investigate 
the question of the retardation of telegraphic 
signals in submarine cables, enabling him to 
design them in the most scientific manner, 
but he was also the first to devise a sufficiently 
sensitive instrument, the mirror galvanom- 
eter, for receiving the signals. In_ this 
instrument, the operator must continuously 
observe a spot of light and automatic records 


were not possible. Nine years later Sir 


449 
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William Thomson improved on his former 
instrument and gave the Syphon Recorder 
to the world, which is now practically uni- 
versally used with all long distance cables. 
He is also responsible for many other inven- 


J. R. Lovejoy 


John McGhie T.C. Martin W. B. Potter 


doubt. owing to his being a keen yachtsman. 
The most fruitful result of his inventive 
ability in this direction was perhaps his 
improvement of the Nautical Compass. first 
patented in 1876, which was brought about 


E.M. Hewlett E-. A. Carolan 


Lord Brassey J. P. Ord 


C. P. Steinmetz E. W. Rive, fr, Gen. Eugene Griffin 


AL. Rohrer (3. E. Emmons 


S. Dana Green 


Elihu Thomson Lady Kelvin Lord Kelvin Spencer Trask Alanson Trask Geo. Foster Peabody 


From photograph taken at Schenectady Works of the General Electric Company, upon 
the occasion of Lord Kelvin’s visit, September 24, 1897, 


tions in connection with submarine cables, 
and he vastly improved deep sea sounding 
devices, In fact. he was deeply interested 


in all questions of navigation, partly, no 


by a request to write an article on this sub- 
ject for Good Words. The type of compass 
which he then invented is now used almost 
exclusively in all parts of the world. 
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Sir William Thomson has also made many 
valuable inventions in reference to electrical 
instruments, amongst which the following 
may be mentioned: the quadrant electrom- 
eter, electric balances, and_ electrostatic 
voltmeters, as well as numerous types of 
ammeters, voltmeters and wattmeters. 

Lord Kelvin was made chairman of the 
Board of Experts convened to study the 
first Niagara Falls water power scheme, 
and he visited the plant of the Niagara Power 
Company in 1897. He was elevated to the 
peerage in 1892, taking his title of Lord 
Kelvin from the name of a small stream 
which flows into the Clyde near Glasgow. 
In 1896 he completed the jubilee of his 
Glasgow Professorship and received a won- 
derful tribute of admiration and affection 
from the whole of the scientific world. 

His work in connection with an absolute 
thermometric scale of temperature, and the 
relations existing between heat and mechani- 
cal power were of fundamental importance; 
and his researches into the nature of the 
atom, the age, constitution, etc., of the earth 
and tidal phenomena, by which he was led 
to construct a harmonic analyzer and tide- 
predicting machine of the highest utility, well 
illustrate his extraordinary versatility. With 
all his great attainments, he possessed a sim- 
ple, loyal and generous nature, never govern- 
ed by jealousy or envy; but perhaps his 
most wonderful attribute was his extreme 
modesty. 

The honors both English and _ foreign 
showered on Lord Kelvin are legion. In 
1893 he was elected an honorary member 
of the American Institute of Electrical En- 
gineers. He was four times President of 
the Royal Society of London and at the 
time of his death was President of the English 
Institute of Electrical Engineers for the 
third time. Great Britain has now bestowed 
her last and crowning honor upon Lord 
Kelvin; he rests at the feet of Newton and 
next to Charles Darwin and John Herschel 
in Westminster Abbey. 


A GAS-ELECTRIC CAR FOR 
RAILWAY SERVICE 


By Joun R. Hewett 


The accompanying text and illustrations 
will describe a gas-electric car which has been 
designed by the General Electric Company 
to meet railway service conditions. 

The car is of the combination type, and 
comprises one ordinary passenger compart- 
ment, a smoking room, a baggage room, an 
engine room, a toilet and an observation 
compartment. The car is single ended, hav- 
ing the controlling apparatus situated in the 
engine room. The principal dimensions are 
as follows: 

Length over all 50 ft. 

Length of engine room 9 ft., 6 in. 

Length of baggage room 5 ft., 8 in. 

Length of smoker 7 ft., 11 in. 


Length of passenger compartment 1S ft., 
6 in. 

Width over all 8 ft., 8 in. 

Height over all 12 ft., 10 4 in. 

Seating capacity 44. 

Total weight of the car and trucks fully 
equipped, 31 tons. 

This car was designed throughout with 
special reference to the service required, the 
main object in view being to secure a maxi- 
mum carrying capacity with a minimum 
weight; and at the same time to have a car 
of great strength, The shape of the ends 
is parabolic, in order to reduce the air 
resistance to a minimum when travelling 
at high speed. The general shape of the car 
will be seen by reference to the illustration. 
The roof and sides are made of T irons bent 
to the required shape and braced diagonally. 
The exterior 6f the car is of steel plate, while 
the interior is finished with selected Mexican 
mahogany. No wood is used in the engine 
compartment. The floors of the passenger 
and baggage compartments consist of two 
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layers of wood with paper between, armored 
on the under side with steel plates. The 
roof, which is fireproof, is of a plain oval 
shape; the monitor construction was not 
employed as it would have needlessly added 
to the weight. Special attention has been 
paid to ventilation; twelve ventilators of the 
globe suction pattern are furnished in the 
roof. The under framing is of a very rigid 
construction; the center sills consist of six- 
inch I beams, and the outside sills are six- 
inch channels. These are braced diagonally 
to lend greater rigidity. 


oe ee 


The gasolene engine is direct coupled to a 
90 kw. direct current generator, which 
furnishes current at a variable potential. 
This current is fed to the motor through the 
medium of the control system; by which the 
voltage of the venerator may be governed 
according to the requirements. The two 
motors are of the GE-72-A Type. each 
rated at 60 h.p. 

The engine was designed and built by the 
General Electric Company with special refer- 
ence to the requirements peculiar to gasolene 
electric cars. Very special attention has been 


ee + 
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Fig. 1. 


The seats are handsomely upholstered in 
green leather. The interior is lighted with 
individual lamps, there being one light for 
each seat, in addition to those in the vesti- 
bule, toilet, and engine rooms; while a head 
light is also provided. The steps are arranged 
in such a manner that the bottom one folds 
up automatically as the vestibule door is 
closed. 

The car body was built by the Wason 
Manufacturing Co., Springfield, Mass., in 
accordance with the designs of the General 
Electric Company, 


Gas-Electric Car 


paid to the simplification of the engine; and 
the number of parts and weight have been 
reduced to a minimum. 

When running at 550 r.p.m. the engine 
develops 100 h.p., and has a greater capacity 
at increased speeds, There are eight cvylin- 
ders each of which is 8 in. in diameter 
and has a stroke of 7 in.. The cvlinders 
are placed at 90 degrees to one another, or 
at an angle of 45 degrees with the vertical. 
Each cylinder is composed of one piece, 
being a casting of very soft fine grain cast 
iron. Each casting is self-contained and 
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includes the water jacket; it is worthy of 
note that special attention was paid to pro- 
vide a cooling surface around the valves to 
eliminate any excessive temperature at the 
valve seats. There is one admission and one 
exhaust valve for each cylinder, which are 
arranged in such a manner as to permit 
the inspection of both valves by the removal 
of two nuts. The pistons are of the trunk 
tvpe; they are made of cast iron and are 
rendered gas-tight in the cylinders by the 
provision of three split piston rings. The 
connecting rods, which are made of chrome 
nickel stcel, are connected to the trunk 
piston by means of a hollow pin shrunk into 
the body of the connecting rod. The crank 
shaft is made in one forging of 40 carbon 
steel; it is a four-throw crank having an 
angle of 180 degrees, All of the crank pins 
lie in the same plane; the two center pins 
occupying the same angular position; while 
the two outside crank pins are set at ISO 
degrees to the center crank pins. This 
arrangement of cranks with cvlinders set 
at ) degrees to one another, wives a very 
satisfactory system for balancing purposes. 
Two connecting rods are coupled to each 
crank pin. 

Each cylinder is fastened to the engine 
base by means of six bolts. The engine base 
proper is made of one casting of Parsons 
manganese bronze, the form of which is clearly 
shown inthe illustration. The crank casing, 
which is made oil-tight, ts of aluminum. 

All of the valves, both admission and ex- 
haust. are actuated by one cam shaft, which 
is driven from the main engine shaft by two 
gear wheels with the customary two to one re- 
duction, This cam shaft is entirely enclosed in 
a circular tunnel which runs the entire length 
of the engine base; the tunnel is formed 
in the main casting. The fact that the valve 
rods are operated from this one shaft, has 
greatly simplified the design of the engine. 

There are two carburetors, of the float- 
feed type. The ignition system is of the high 
tension type; a separate coil is provided for 


each cylinder. These coils are energized 
by means of a small accumulator. The 
sparking at the correct instant in each cylin- 
der is effected by means of a roller commu- 
tator. 

Considerable difficulty has heretofore been 
experienced in starting gasolene engines of 
this size, but in the present instance a special 
breech block mechanism has been provided 
which fires a charge of black powder into 
one of the cylinders, and this has proved 
a most effectual way of overcoming these 
difficulties. This piece of mechanism is 
illustrated by Fig. 2. 

The cooling system for the cylinders 
operates on a thermo-siphon principle. The 
radiator, which is situated on the roof of the 


Fig.2. Breech Block Mechanism for Starting Engine 


car, 1s divided into four separate nests of 
radiating tubes, these, being of the spiral- 
finn pattern, give a maximum cooling area 
per unit length. 

The total cooling surface amounts to 
approximately 1300 square feet. Each pair 
of engine cylinders is connected to one nest 
of tubes and the four nests are in turn con- 
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nected by means of three copper pipes. 
The water jackets are connected to the radia- 
tor by means of pipes running vertically 
from the engine; these pipes pass through 
the roof and the circuit is completed by means 
of other pipes leading from the radiator to 
the engine cylinder jackets. This system 
forms the most simple cooling arrangement 
possible, as it entirely eliminates the necessity 
of using pumps or cooling fans, and it has the 


of the gasolene, and a glass tube somewhat 
similiar to a sight feed lubricator is provided, 
so that the operator can see if the diaphragm 
pump is working. The gasolene is fed by 
gravity to the carburetors. 

The oiling system has been very carefully 
designed, Forced lubrication is used, and for 
this purpose there is a nest of pumps operated 
from the main shaft. One pump is pro- 
vided for each of the main bearings, and — 


Fig. 3. GE-8-100 125-550 Gasolene Motor 


further advantage of being casily drained 
and of being filled from the side of the car. 

It is of interest to follow the course taken 
by the gasolene from the storage tank to 
the carburetor. The gasolene is stored be- 
neath the car, in a large steel tank having aca- 
pacity of 90 gallons and is raised to a small aux- 
iliary tank inthe cab by means of a diaphragm 
pump. The gasolence is filtered in transit from 
the tank to the pump. This auxiliary tank 
is provided with a float to register the height 


another oils the cams and cam mechanisms, 
the duty of this latter pump being to keep the 
cam shaft tunnel filled with oil; the oil on 
leaving the tunnel flows over the reduction 
gears and thence to the crank chamber. 
All of the oil used for lubricating purposes 
similarly flows to the crank chamber. 
whence it can be drained. The big ends 
of the connecting rods are lubricated by 
scoops which dip into the oil in the bottom 
of the crank chamber, the oil being forced 
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to the crank pin as the crank shaft revolves, 
Electric 90 
which 


The generator is a General 
kw., S-pole separately-excited unit, 
has been specially designed with a view to 
procuring the lightest possible machine for 
the necessary output and at the same time 
keeping the temperature rise to within a 
reasonable figure. It is provided with com- 
mutating poles, which, in conjunction with 


ing decrease in voltage. It would be impossi- 
ble to commutate so large a current in a 
machine with so large a kw. capacity per Ib. 
without the use of commutating poles. 

The total weight of the generator including 
exciter is only 2740 Ib., while a standard 
machine of this output weighs SSOO Ib, As 
is only natural, in a machine where the weight 
‘has been so materially reduced, the tem- 


Fig. 4. GE-8-100/125-550 Gasolene Motor 


the potential type of control, gives a great 
flexibility of current output. 

The advantage of this arrangement will 
be readily appreciated when it is pointed 
out that at starting, the field excitation is 
weak, and that large currents are required to 
give the necessary starting torque. The nor- 
mal pressure when running at 550 r.p.m. is 
250 volts, at which time the current amounts 
to 360 amperes; but at starting, a current of 
800 amperes can be secured at a correspond- 


perature rise is higher and the efficiency 
lower than in standard apparatus of the same 
output. The higher temperatures are fully 
provided for by the type of insulation em- 
ploved; there is no paper or muslin used 
anywhere in the machine. The armature 
coils are insulated with mica, the interpolated 
pole coils with asbestos, and the field coils 
are wound with enamelled wire. The arma- 
ture leads to the commutator are riveted 
as well as soldered, although the precaution 
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has been taken to use pure tin for soldering, 
which has a melting point of over 200 degrees 
Centigrade. Air ducts of ample dimensions 
are provided to insure a large volume of air 
being circulated through the core. The 
efficiency is 88 per cent., being only about 3 
per cent. lower than a standard machine hav- 
ing a temperature rise of 35 degrees Centi- 
grade. : 

The exciter is a 3 kw. 70 volt, shunt- 
wound machine with its armature mounted 
directly on the armature shaft of the main 
generator and its field yoke supported by 
the bearing brackets, enabling it to fit under 
the back ends of the generator armature 
windings. The illustration of the engine, gen- 
erator and exciter assembled shows far better 
than a written description the neatness and 
compactness of this generating set. 

The speed of the motors is governed by a 
potential control, the generator being sepa- 
rately excited and the terminal voltage of 
the motors being varied by means of a rheo- 
stat in series with the exciting circuit. The 
simplest explanation of the controlling sys- 
tem is arrived at by considering the circuits 
separately. The armature circuit of the 
main generator comprises the armature, 
fuse, two contactors in series, reverser, 
and the two motors. The motors are con- 
nected in series or in parallel, according to 
the position of the controller handle, and 
they are grounded to the truck framework, 
while the solenoid coils for operating the 
contactors are energized by a storage battery 
floating across the field circuit. The reverser 
is Operated as usual by a separate reverser 
handle on the controller. 

The current from the exciter passes around 
the field of the main generator and through 
the rheostat; the function of the controller is 
to cut in and out this rheostat as occasion 
demands. 

A storage battery which floats on the ex- 
citer circuit is used for supplving the lighting 
circuits, and its charging and discharging is 
controlled by means of a reverse current re- 


lay which permits of the lights being supplied 
directly from the exciting circuit or from 
the storage battery according to the voltage 
of the exciter circuit. A Tirmnll regulator 
is employed for regulating the voltage 
on the lighting circuit. This arrangement 
enables the car lights to be used when the 
engine is at rest. 

The master controller which has some 
unique features is of Type C-44, and gives 
seven steps with the two motors connected in 
series, and eight steps with the two motors 
connected in parallel. It is provided with four 
handles, three of which are mounted one above 
the other on concentric shafts. The function 
of the top handle is to advance and retard 
the ignition of the engine; the second controls 
the throttle of the engine; while the third 
handle controls the generator field resistances 
and the contactors, which establish the cir- 
cuit for the motors, besides transposing the 
motor connections from series to parallel. 
The fourth handle operates the reversing 
switch and controls the direction of rotation 
of the motors. 

The car is heated by passing part of the 
exhaust gases through pipes suitably located 
in the car body. 

The car is provided with a straight air brake 
equipment, and the air is supplied by means 
of a compressor which is direct connected 
to the engine. The working pressure is 60 
Ibs..per sq. inch, and this is kept constant in 
the storage tank by a mechanical governor. 
Hand brakes are also provided. 

The trucks were constructed by the Amer- 
ican Locomotive Co, They are of the swing 
bolster type, and have wheels 36 in. in diam- 
eter. One motor is mounted on each truck. 
The journals are of the MCB standard 
pattern. 

The interior of these cars can be designed 
to suit any requirements or service. Cars of 
this type are available for use as private cars, 
with sleeping and dining accommodation, as 
inspection cars, wrecking cars, and baggage 
cars, etc., etc. 
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ELECTRO-METALLURGY OF IRON AND STEEL 


Part I 


By SamvueL A, TucKER 
Adjunct Professor of Electro-Chemistry, Columbia University 


Although a comparatively new industry, 
the processes for the production of iron and 
steel with the electric furnace have been so 
much perfected that it seems certain to find 
extended application in metallurgy. The 
investigation, which was made by the Canad- 
ian Government in 1904, of the processes in 
operation in Europe, has unquestionably done 
much to give a better understanding of the 
subject and to point out in which direction 


have pointed to the fact that it is only profit- 
able to smelt iron ores electrically when 
peculiar conditions exist. These conditions 
call for cheap power and localities where 
fuel is dear, or where the nature of the ore 
is such that it cannot be smelted by the ordi- 
nary blast furnace operations. But for the 
refining of steel in operations like the crucible 
process for the production of high grade steels, 
the electric methods can without doubt be 


Fig. 1. Heroult Steel Furnace 


a process can best be applied from a commer- 
cial standpoint. 

The methods which have so far been suc- 
cessful are those which effect the reduction 
of the ore, or produce steel, by means of 
heat generated electrically; and although an 
expensive source of heat, the fact of its 
application being within, and the ease of 
control, make it highly efficient. 

The findings of the Canadian Commission 
~The author wishes to express his thanks for the use of 
many of the illustrations to the editor Electro-Chemical and 


Metallurgical Industry, and to Dr. Eugene Haanel's report on 
the commission appomted by the Canadian government 


applied to advantage. 

How much further electricity will 
prove useful in metallurgical operations 
is difficult to say, but it must be re- 
membered that the industry is a new one, 
and it seems only reasonable to suppose 
that as time goes on, with extended trials 
in actual practice, we shall have a greater 
application of electric methods. In some of 
the processes so far devised both smelting 
and refining may be conducted in the same 
apparatus; in others the intention is merely 
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to refine to a high grade steel, as is at present 
conducted in the crucible process. It will 
be readily understood that cheap power is 
of great importance to any of the processes 
to be described, but this does not mean that 
they can only be profitably applied in locali- 
ties where cheap water power is available; 
for with the development of the modern gas 


in the electric furnace makes it possible to 
manufacture these alloys containing a very 
high percentage of the refractory metal, 
and to thus supply the market with the 
desired metal in very concentrated form. 


HEROULT PROCESS 


This is the invention of Mr. Paul Heroult, 


Fig. 2. Diagram of Automatic Regulator for Heroult Furnace 


engine, we have an economical source of 
power from the waste gases of metallurgical 
plants, and even where this cannot be used 
the gas producer can be utilized. 

A further advantage gained by the electric 
methods in the matallurgy of iron and steel 
is in the production of ferro alloys of the more 
difficultly fusible metals, such as tungsten, 
titanium, vanadium and chromium. The 
high temperature which it is possible to reach 


and was first put in operation at the Société 
Electro Métallurgique Francaise at La Praz, 
France. 


The Furnace 


This consists of a tilting arc furnace with 
two vertical electrodes, and is illustrated in 
Fig. 1, which shows a vertical and longitudi- 
nal section, 

The iron casing is first lined with dolomite 
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bricks HH, and magnesia bricks: about the 
openings. This brick work supports the 
hearth K, formed of crushed dolomite, which 
is rammed down to the form shown. 

Two electrodes EE, of about 17 in. square 
section and 5} ft. long, are made of retort 
coke and pass vertically through the roof of 
the furnace, In most cases it is necessary to 
water-jacket the electrodes for a short dis- 
tance on each side of the place where they 
pass through the roof. 

The passage of the current is from one of 
the vertical electrodes, through the narrow 
air gap, to the slag, through which it passes 
to the molten bath of metal beneath, and 
again through the slag and the second air 
gap to the other electrode. It will be seen 
that it is very necessary to have good control 
of the length of the arc, which is adjusted 
by changing the length of the airgap. Heroult 
accomplishes this by having a supplementary 
electrode, which consists of a metallic con- 
nection between the two vertical electrodes 
and the bath of molten metal. A voltmeter 
is placed in each of these circuits, which indi- 


Fig.3. View Showing Open-Hearth Furnace on the Right and 
Heroult Furnace on the Left. 


cates any irregularity of the two; the adjust- 
ment of the electrode being effected by hand. 

Fig. 2 gives a diagram of the automatic 
regulator used to accomplish the above 
result. B is an iron wire connecting the cas- 
ing C with the bath of molten metal. The 
current duc to the difference of potential 


between the metallic bath and the electrode 
E, passes through the voltametric suction 
coil S; the movable outer coil of which (oper- 
ating the rod D pivoted at T, and regulated 
by spring A), imparts motion to the horizon- 
tal staff D in a vertical plane with every 
variation of a difference of potential in the 


Fig. 4. Measuring Instruments and Controlling Apparatus 


circuit, A pulley N, which is operated by a 
small motor, actuates the crank M, which 
in turn causes another connecting rod L, 
to oscillate the part U, which is pivoted at Z. 
The dogs XX attached to U partake of the 
oscillation of U, but in their backward and 
forward motion fail to clutch the staff D as 
long as the variation of the voltage in the 
circuit does not exceed two volts; when 
this limit is exceeded either way, D’ either 
rises sufficiently high, or is depressed suff- 
ciently low to be clutched by X or by X’, 
respectively. When this occurs the pro- 
jection # of the respective dog is brought into 
contact with the corresponding side of the 
triangular plate GG, to which the prongs 
HH, pivoted at Z, are attached by the springs 
KK. This results in bringing the copper 
piece O, the suspending rod of which is 
pivoted at Z, into contact with the respective 
carbon block Q. From the diagram it will 
be seen that the direction of rotation of the 
motor P, which raises or lowers the electrode 
EE, depends upon the contact made by QO 
with either Q or Q’, and hence upon the rise 
or fall of the voltage in the circuit bevond 
the limit of two volts. 
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At La Praz an alternating current of 4000 
amperes and 110 volts was used on this 
furnace. 

The whole furnace is mounted on two 
rockers which are operated by hydraulic 
rams, or electric motor, and admits of tlting, 


Pig. 5. Side View of Heroult Electric Furnace 


so that the charge of about three tons may 
be poured. It is designed for making steel 
and not for the smelting of iron ores, which 
operation is effected in a different furnace 
devised by Heroult. 


The Steel Process 


This consists in changing miscellancous 
scrap to high grade steel, the material being 
usually fed into the furnace in the molten 
condition from a Willman furnace. A certain 
proportion of ore and lime is then added 
to produce a suitable slag, the arcs are 
struck, and the process carried on for a 
certain length of time, when the slag is re- 
moved and replaced by materials to supply a 
new one, this being repeated until the desired 
purity of the product is brought about. 

- Thus the production and removal of the 
slag is the means whereby the impurities 
are eliminated from the iron, the high tem- 
perature involved bringing about this result 
very actively, It is necessary to have the 
metal which is to be placed in the furnace 
“overblown” or suroxidized and free from 


slag, The metal under treatment is entirely 
protected from any oxidizing action of the 
air and from the influence of flame or gases, 
which fact has much to do with its resulting 
purity. 

The proportion, composition, and number 
of removals of the slag depends upon the 
initial composition of the scrap to be treated. 

The method of running for a high carbon 
steel, as conducted for the Canadian Com- 
mission, was as follows: 


Charge: 
Miscellaneous steel scrap 5733 Ib. 
Ferro-silicon ar 19 Ib. 
Iron ore . Sh & -F 430 Ib. 
Lime oe, WF 346 Ib. 
Ferro-manganese 3.3 Ib. 


Composition of scrap; 


Carbon 0.110 
Silicon 0.152 
Sulphur 0.055 
Phosphorous = ().220) 
Manganese 0.1380 
Arsenic 0.08%} 


Before the current was turned on, the 
scrap and part of the lime was charged, 
the remainder of lime together with the ore 


Fig.6. Front View of Electric Furnace 


being added during the melting. After the 
charge had melted completely, a new slag 
composed of lime, sand and fluor-spar was 
added, melted and removed, after which a 
finishing slag was added. The time consumed 
was now five hours and twenty minutes, and 
if the product desired had been soft steel, the 
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furnace would have been ready to tap, but 
in order to bring the carbon contents to 
the right point, “carburite,.”” or pure iron and 
carbon, together with the ferro-silicon was 
added; another heating was then continued 
for one hour and twenty minutes, when the 
charge was poured. 

The product was 5161 Ib. (equivalent,to 
2000 Ib. of steel ingots for every 2230 Ib. 
serap and metal charged) and had the follow- 
ing composition: 


Carbon 1.016 
Silicon 103 
Sulphur 020 
Phosphorous 009 
Manganese 150 
Arsenic 060 
Copper Trace 
Aluminum 


Fig.7. View of Electric Furnace on the Platform 


The energy used during the operations was 
2580 kilowatt hours, which equals 0.395 h.p. 
years, and is equivalent to 0.153 h.p. years 
per 2000 lb. of steel produced, The steel 
thus made is uniform and compares very 
favorably with a high grade crucible tool 
steel, while the cost of production is much 


lower and is found to compare not unfavor- 
ably with a gas-fired Siemens furnace of the 
same capacity, 

These furnaces may be constructed up to 


Fig. 8 General View Showing Open-Hearth Furnace on the 
Right and Heroult Furnace on the Left 


10 or 15 tons capacity and would be adapted 
to the production of special alloy stecls 
without difficulty. 

From work which has been recently 
carried on with the Heroult steel process, 
it is found more economical to remove most 
of the phosphorous in the preliminary open 
hearth treatment. This vields a metal which 
is in a highly oxidized condition but which 
lends itself well to the subsequent changes 
brought about in the electric furnace. Due 
to the higher temperature available, a very 
perfect deoxidation can then be effected in 
the electric furnace, resulting in a very fluid 
slag, the lime of the slag combining with the 
carbon to form calcium carbide, while the 
sulphur is largely eliminated. Such deoxi- 
dation is nearly impossible in the ordinary 
furnace operations, and it is necessary that 
it should be brought about for the higher 
grades of steel. The Figs, 3, 4, 5. 6, 7, 8, 9 
and 10 are views taken of a Heroult steel 
plant which has been established in this 
country. 


HEROULT PROCESS FOR SMELTING ORES 


This operation is carried on in a furnace 
of very different construction from that 
just described, and one which takes the form 
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of a vertical shaft more like the carly carbide 
furnace of Willson. When the Canadian 
Commission inspected the Heroult Works 


Fig, 9. Electric Motor for Tilting Electric Furnace 


at La Praz, an experiment was made to 
demonstrate their ability to smelt iron ore 
directly by the electric furnace. At the 
time no furnace was available which was 
designed to mect the requirements, nor was 
the composition of the ore known for calcula- 
tion of the necessary fluxes. With the 
adverse conditions existing. it is impossible, 
from this single experiment, to draw any 
conclusions of value as to the process, exeept- 
ing that it was shown to be perfectly feasible 
to smelt iron ore direct with the clectric 
furnace. 

In order to ascertain whether the clectric 
process could be advantageously applied to 
the direct smelting of ores, a series of experi- 
ments under the supervision of Dr. Eugene 
Haanel, were carried on in 1906 at Sault 
Ste. Marie, in a plant specially designed by 
Dr. Paul Heroult. The Canadian Govern- 
mentyranted fifteen thousand dollars for these 
tests, as they had a very direct bearing on 
the commercial possibilities of iron metallurgy 
in Canada, The conditions in certain parts 
of that country are somewhat peculiar, from 
the fact that there are deposits of iron ore 
remote from the usual sources of metallurgi- 
eal fuel. but where cheap power is avanlable. 
Moreover, the quality of the ores is such as 


to render them unsuitable for the usual blast 
furnace treatment from the fact that they 
consist of magnetite containing a large pro- 
portion of sulphur. It was found that these 
ores could be smelted without difficulty in 
the electric furnace with very complete 
eliminations of the sulphur, and that char- 
coal and peat coke, of which there are abun- 
dant sources available, could be used as fuel. 


The Furnace 


This consisted of an iron casing bolted to 
a bottom plate of cast iron 48 inches in diam- 
eter, the bottom consisting of carbon paste 


supporting a fire brick enclosure constitut- 
ing the crucible, (See Fig. 11.) The prin- 
cipal dimensions of the furnace were: 
Diameter of bottom crucible . =. 24in. 
Height of lower cone ae : 11 in. 
Haight of upper cone = gy capt 
Diameter of joint base of the two 
cones ‘ 5 32 1m. 


Diameter of topof furnace. . 9 301n. 
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The vertical electrode was composed of 
specially made carbon imported for the pur- 
pose and was 16 in. square by 6 ft. long. 
The current was furnished by one phase of 
a three-phase, 400 kw., 30 cycle, 2400 volt 
alternator, the voltage being lowered to 50 
by a 225 kw. oil-cooled transformer. 

Electrical connections were made to the 
vertical electrode and the iron casing of the 
furnace by aluminum cables 3-inch diameter, 


Fig. 11. Experimental Electric Furnace 


of which 30 were attached to each of the 
two connections. 

Some experiments were first undertaken 
to see whether it was possible to utilize some 


of the heat energy of the fuel; for this pur- 
pose an air blast was introduced a foot below 


the upper level of the charge. The furnace, 


however, was not found to work well with this 
addition, and it was abandoned. With a 
special design of furnace it was thought that 
the air blast would have been a valuable 
addition. 

The fuel at first used was coke dust bri- 
quetted with fire clay, but charcoal was found 
subsequently to work perfectly and to be 
in every way preferable. Trouble was also 
expected in the reduction of magnetite, 
which is the principal ore to be smelted, 
from its being an electrical conductor. No 
difficulty was experienced, however, in the 
smelting of magnetite in respect to its elec- 
trical conductivity, nor was the inductance 
of the furnace increased by its presence, 
The following is a record of a run made on 
magnetite from the Blairton mine. 


Raw Materials 


Ore Per Cent. 
SiO, . | 2 136s 8 . -s os 6.60 
Fe,O, Fe = 55.85'; .  . 60.74 
FeO | aes ener 17.18 
Al,O, ef 4e. wo"S =e. 1.48 
CaO Cos ye a ee 4d. 2.84 
MgO ; bo OG te de PR. 5.50 
P,O, (P = 0.016°;) | «ft '5! O87 
S a a ee ee ee 0.57 
CO, and undetermined ~ . « §,053 
Charcoal Per Cent. 
Moisture .. go Ws ee os 14.06 
Volatile matter Sco tt Vaio gin BLOB 
Fixed carbon . . . . «5.90 
Ash. P ‘ : . : ‘ ; 2.54 
Limestone Per Cent. 
SiO, a kee BR cara ae TE 
Fe,O, + Al,O, re ree | 
CaCO, «Occ eH ee me 6 ORES 
MgCO,, © oye ow Me Oe oe oe 4.40 
P ne a a ae ee 0.004 
Ss ‘ : F F : ; : P 0.052 
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Charge Pounds 
Ore. : : P ; ; . . 400 
Charcoal . Roem: et Cele 125 
Limestone . . . . . . . 25 
Sand SS toh “Se ar a sh ew 6 


Products 
Iron “Cast No. SO" grey iron 


Per Cent. 


Totalds: 4. -4.- 6. “ao fei MR 8 3.73 
Si ; . ; : ’ 3.93 
5 i ; ek 42 
P . . 034 
Slag Per Cent. 
SiO, - “eae oo oe o 2 eee 
Al,O, eT ee ee ee eee (S| 
CaO So ~as e be elke 
MgO Sn ee ee rs 1 
5 : , ; . ; : . . 2.05 
Fe tye Se Mh “Wik Sek, oie 0.25 


Length of run . 654 hours 
Mean volts on furnace 36.03 
Mean amperes a are ee 4ST 
Power factor 4: <5 0.919 
Watts 165125 or electric horse-power 221,34 
Pig iron produced LIYSo Ib, 
Output of pig iron per 1000 e.h.p. days = 
9.92 tons e.h.p. vear per ton of pig = 0.276. 


In subsequent experiments it was found 
possible to smelt ores of high sulphur content 
not containing manganese, producing pig 
iron containing only a few thousandths of 
a per cent. of sulphur. 

A further result brought out by the ex- 
periments was the possibility of smelting 
ores high in nickel and titanium, showing 
that it was quite feasible to smelt ores with 
the electric furnace that would be impracti- 
cable in the blast furnace. 

The consumption of electrodes amounted 
to 17.98 lb. per ton of pig iron produced. 

It is estimated that with a properly 
equipped plant, 12 tons of pig can be produced 
wth 1000 e.hop. davs; and that the cost. of 


a 10,000 h.p. plant to yield 120 tons of iron 
per day would be $700,000, inclusive of the 
charcoal plant and power plant, and figuring 
$50 as the cost of developing one e.h.p. 

The cost of producing one ton of pig iron 
is figured as follows: 


Ore, 55°) metallic iron at $1.50 per ton $2.70 
Charcoal, § ton at $6.00 per ton ‘ 3.00 


Electrical energy, amortization, etc. 2.43 
Labor . te, Ngee. the ee 1,00 
Limestone a a ae ae er 20 
18 lb. electrodes at 2 cents per lb... 36 
General expenses . . . . . 1.00 

$10.69 


From some small scale experiments made 
with a Heroult furnace by Albert E, Green and 
Frank S. MacGregor at the Mass. Institute 
of Technology, it was demonstrated that ores 
of a high titanium content (26.40, TiO,) 
could be smelted with ease, producing a pig 
iron free of titanium. The furnace operated 
was of a 30 kw. capacity, and among the 
interesting features of the work was a deter- 
mination of the temperature existing during 
the run. This was varied from 1375° C. 
to as high as 1922° C. without difficulty. 

As a result of the Sault Ste. Marie experi- 
ments a Heroult smelting plant is now under 
construction at Welland, Ont., which will 
have a 3000 h.p. furnace with a capacity of 
35 tons of pig per day, or of 40 tons if the hot 
gases are used for preheating the charge. 

If this furnace is successful a larger one is 
to be built, together with a Heroult steel 
furnace, as the plant is to be used for produc- 
ing steel castings. The location of this plant 
is not ideal from the fact that the power 
they will use is to be taken from the Ontario 
Power Co., which makes it expensive, and 
also because the location is removed from 
an ore supply. Nevertheless, the plant is 
expected to show economy in-running even 
under these conditions. This will be still 
more convincing for electrothermic methods. 


(To be continued.) 


ILLUMINATION OF NIAGARA FALLS 
By W. DA, Ryas 


Fig. 1. Bridal Veil Falls Illuminated by Searchlight 


the rays of three powerful batteries of pro- 
jectors. 

Plans and specifications for the illumina- 
tion were prepared and submitted to Mayor 
A. C. Douglass and a sub-committee of the 


The estimated cost of the permanent instal- 
lation was approximately $40,000. Consid- 
erable apprehension was expressed as to 
whether or not it would be possible to illumi- 
nate the Falls in the manner represented. 
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Furthermore, the universal censure which 
would naturally follow failure or unharmoni- 
ous effects approaching desecration was a 
serious consideration. 

In order to minimize the elements of chance, 
the Marine Department of the General 
Electric Company agreed to accept a nominal 


The projectors were installed on the Cana- 
dian side, and located in three batteries. 

Battery No. 1 comprised eleven 30 in. 
and ten 18 in. projectors installed on a plat- 
form 250 ft. long, located in the Gorge at a 
point midway between the American and 
Horseshoe Falls, 20 ft. above the water's 


Fig. 2. Illumination of Niagara Falls from Canadian Side 


rental for a thirty davs trial, during which 
approximately one-half the proposed battery 
would be used, with the understanding that 
if the experiments were satisfactory, the 
balance of the apparatus would be included 
in a permanent installation. 

Mavor Douglass personally accepted the 
offer, and financed the required amount by 
local subscription, 


edge, and approximately 1200 ft. from the 
center of Goat Island. 

Battery No. 2 consisted of four 30 in. 
projectors placed on what is known as the 
“spillway "' of the Ontario Power Company, 
approximately 3500 ft. from the American 
Falls. These two batteries received current 
from a 300 kw. motor-generator set installed 
on a steel car stationed near battery No. 1. 
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The generator delivered 110 volts, and was 
driven by a 500 volt motor drawing current 
from the trolley circuit 

Battery No. 3 was made up of eleven 1Sin 
projectors located in Victoma Park, about 
1500 ft. from the centre of the Amencan 


The Falls were illuminated every evening 
during the month of September, and while 
the volume of light was, as previously stated, 
only half the proposed strength, very good 
results were obtained, particularly on the 


Amencan Falls. It was not possible, how- 


Fig. 3. Electric Aurora, Diverged 


Falls. The projectors at this point were 
arranged for series operation, and obtained 
current directly from the trolley circuit, 

The lighting effects were controlled from 
battery No. 1, which was connected by 
telephone to the generator car and smaller 
batteries. Thesub-divisioninto three batteries 
was for the purpose of securing a wide sweep 
over both the cataracts, with a rising and a 
plunging light. 


ever, to properly iluminate both Falls simul- 
taneously. 

Under normal conditions, approximately 
5O per cent. of the hght was scattered or 
absorbed by the mist. and it was rarely that 
any discomfort was experienced in looking 
directly into a thirty-inch projector from 
Prospect Point, which was not over 2500 ft 
distant 
fifteen minutes, the hght was completely 


On one occasion, for a penod of 
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shut out by the mist and rain, so that neither 
the Falls nor the light beams were visible. 
With this element to contend with, in con- 
junction with the enormous area over which 
it is necessary to evenly distribute the light, 
one can readily appreciate why a battery of 


Fig. 4. Gorge Battery of Searchlights 


seatchlights giving approximately 2,000,000 
candle-power, or practically double the amount 
of light used in the experiment, will be neces- 
sary to properly illuminate the American and 
Horseshoe Falls simultaneously. 

It is the writer’s opinion that the most 
beautiful effects were obtained by the use of 
white light. On this point, however, there 
appeared to be considerable difference of 
opinion. There is no question that the 
introduction of soft clear colors through suit- 
able screens did not detract from the beauty 
of the Falls, but lent a pleasing vancty of 


effects which appeared to be greatly admired 
and appreciated by the thousands of people 
who thronged the parks on both sides of the 
river every evening. An additional varia- 
tion was introduced by noiselessly exploding 
loose giant powder in front of the main 
battery. This formed a blanket of pure 
white smoke, appearing as a cloud into which 
the colors were introduced. The sunset 
effects thereby produced in the water were 
beautiful beyond description. 

Judging from the general comment and 
press reports, Niagara did not suffer from 
the experiments, and so pleasing were the 
results, as well as successful from a purely 
commercial point of view, that arrange- 
ments are being made to complete the 
permanent installation, which 1s expected 
to be in operation early next summer. 

The following description of the illumina- 
tion and the editorial on" Painting the Lily,” 
appeared in the New York Tribune at the 
time of the display: 

Magnificiently illuminated, the Falls were of a 
beauty that their daylight aspect has never equalled. 
For the first time since a factory was erected to 
draw its power from the rushing waters the garish 
outlines of the bleak brick buildings were gone, 
and in their place, * * * were the Falls in their 
old glory. 

There was no moon when thousands of persons 
yathered on the Canadian side. Nothing could 
be seen of the Falls, but the mighty roar and the 
drifting spray told of their presence. Suddenly a 
flash shot across the river and danced for a moment 
alone on the American Falls before a dozen others 
joined it 
lights were focused on the great mass of water, 
which truly shone in the light of its own glory, 
for it supplied the power used 

Then the lights swung up to the horseshoe in a 
rush of prismatic color, Every hue in the spectrum 
was used, and words fail to describe the magniti- 
cence of the spectacle. Some feared before the 
trial that there was to be a desecration of nature, 
but the natural wonder of the Falls was simply 
enhanced. The sordid sight of the factories and the 
hurdy-gurdies of the hotels and restaurants were 


In a moment more all the great search- 


banished, Presently the whole great stretch of 
the Falls was a mass of color; the whirling water 
beneath was like a pool of flame in the glow of the 
red searchlights, 


ILLUMINATION OF 


Then the Ights leaped inte the air, to proclaim 
to Buffalo, to Toronto and even Rochester. the 
tnumph of electrical genius 

PAINTING THE LILY 

Man's audacity established a new record on 
Wednesday night. when the electric glare of fifty 
enormous searchlights were turned upon the tum- 
bling waters and rising mists of America’s noblest 
cataract. Prior to this incident, the champion- 
ship medal for nature beautifying was held, we 
believe, by an enterprising Bavarian who, weary 
of the placidity of a mountain lake near his home, 
installed a surf machine which cast three-foot 
billows sluggishly upon the unaccustomed strand. 
It is hardly probable that the Niayara Falls cham- 
pions can retain their lead very long, tnasmuch 
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moles, freckles and windmill ears, leaving the muddy 
countenance of the Night uncleansed and = the 
jagged faces of the mountains without titante 
It all depends upon the skill of the 
Iwauty doctor In Shakespeare’s day, perhaps. 
the bard’s famous lines told the truth; before the 


cosmetics? 


invention of the spectroscope even a good artist 
might have been afraid to add another hue to the 
visible rambow. But any college boy today 
could do the job very neatly. As for painting the 
lily, isn't it merely a matter of method? Instead 
of applying white lead mixed with turpentine to 
the pallid blossom, as an Elizabethan decorator 
might have done, the modern beauty doctor applies 
Phosphates and water to the lily's roots, and, by 
other indireet methods, improves the natural flower 


Fig. 5. Illumination of Niagara Falls. From Suspension Bridge 


as the number of beauty doctors specializing in 
the treatment of nature's defects is increasing 
daily. It is not unreasonable to expeet that some 
syndicate will soon be staining the upper crags 
and snow banks of Alpine majestics with colors 
more ‘effective’ than those provided by nature. 
And perhaps even the thunderclaps of summer 
storms will some day be attuned and ordered most 
melodiously. All this will make many good folk 
weep, as the illumination of Niagara Falls has 
doubtless done, For is it not vanity and sacrilege 
to paint the lily and to add another hue unto the 
rainbow ? 

But was Shakespeare right? Should the beauty 
doctor confine his embellishing activities to warts, 


that onee was thought perfect. In like manner, 
the searchlight has proved to be an mstrument 
capable of lending to all of nature's mightiest 
monuments, save the inviolate stars, a new glory 
It is said that the light effects produced upon the 
Falls held the thousands of spectators in’ almost 
utter silence The nymphs of the rocky gorge 
and the naiads of the waters did profit, then, by 
the visit of the beauty doctor Let Shakespeare 
continue to denounce the man who secks “with 
taper light the beauteous eye of heaven to garnish," 
But the bard and his nature-loving disciples should 
absolve of sacrilege and folly all of nature's beauty 
doctors who are able to make more fair the face of 
Mother Earth —New Vork Jharly Trrbune, 
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NOTES ON THE DETERMINATION OF RAILWAY POWER 
STATION CAPACITIES 


Part II 
By E. E. KimBa.yi 


The point has now been reached where one 
naturally asks, ‘‘Is the motor selected best 
adapted for the service in hand?" This 
can only be ascertained by determining the 
motor heating for the service under consider- 
ation, and it is evident that the calculations 
just outlined will serve to determine the heat- 
ing as well as the energy consumption. 
The subject of motor heating has, however, 
been so well treated in A. H. Armstrong's 
papers presented before the American Insti- 
tute of Electrical Engineers, June 20, 1902 
and June 30, 1903, volumes 19 and 20, that 
it does not seem necessary to go into the 
method of calculating the motor capacity 
from the speed-time curves, but rather to 
include a table showing the horse-power 
required for cars of various weights when 
geared for a maximum speed of over 30 


miles per hour, in order to facilitate the proper 
selection of motors for the service in question. 
The table gives the total horse-power rating 
of the equipment, and may be composed of 
either two or four motors, depending upon 
whether the conditions of service render it 
possible to run cars in trains or singly. 

Table III gives a partial list of General Elec- 
tric railway motors with their horse-power 
rating and weight, including gear and gear 
case, and also the weight of the necessary 
control apparatus. This table will be found 
convenient in estimating the weight of cars, 
after the seating capacity has been deter- 
mined from the service contemplated. 

It also seems advisable to include a list 
of various types of cars employed on American 
railways. 

It is customary to estimate the passenger 


TABLE Il 


HORSE-POWER MOTOR CAPACITY REQUIRED 
STANDARD 500 VOLT D.C. MOTORS 


Max, Speed 
of Car in m.p.h, 


20 Tons 


30 Tons 


40 Tons 


190 H.P. 


240 
205 
30 
410 
465 


280 
345 
105 
475 
oh 


525 


TWO-CAR TRAINS 


820 
710 


Max. Speed 
m.p fr 


2.30 Tons 


2.40 Tons 2.50 T 


315 BLP. a75 


390 
480 
560 
655 
750 


S50 


‘ - 
is ait) 


= 1010 


50 Tons 


225 H.P 


60 Tons 
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THREE-CAR TRAINS 
Max. Speed Sat ge i: ~* —- . 7 
ae rig 3-20 Tons 3-30 ‘Tons 3-40 Tons 3-50 Tons 3-60 Tons 
30 255 H.P 350 HP. 435 H.P. | 530 H.-P. 625 HP, 
35 | $30. ** 430 " 540 660" 770“ 
40 370 “ 520" 650 soo“ 920“ 
45 440“ 610“ | 770 “ 930“ 1080“ 
50 510 “ 7™ * 9000" 1080. * 1260 “ 
55 soo“ 1030" | 4240 “ | 1430“ 
60 teas | 11600 | 1430 * 1620“ 
65 | 1310“ - 1600" 1830“ 
FIVE-CAR TRAINS 
7 Max. Speed - , m "i. 7, = —— 5 ; _ 
eas 5-20 Tons 5-30 Tons 5-40 Tons 5-50 Tons 5-60 Tons 
30 375 H.P. 510 H.-P. 680 H.P. 840 H.-P. 970 H.P. 
35 460“ 640 830" 1030“ 1230“ 
40 560" 77. °° 110 1230 470 " 
45 670“ ooo * 180" 1450 “ 1710 “ 
50 770“ 1070 1370.“ 1680 “ 2010" 
35 140.0% 1570“ 1920 * 2300" 
60 1770 ** 2190 °* 2580“ 
65 hanes 2010 2480" 2910 


weight from the seating capacity of the car, 
assuming that each passenger weighs 125 Ibs, 

After the schedule speed, size of motors, 
and total weight of car has been decided 
upon, it is possible to calculate the energy 
consumption from the speed-time-energy 
curves plotted from the characteristics of 
the motor selected. 

Thus the energy consumption in watt 
hours is equal to the sum of the product of 
the instantaneous values of the current and 
voltage divided by 3600, or is proportional 
to the product of the area under the ampere 
curve times the area under the volt curve 
divided by 3600. In practice it is usual to 
assume the line voltage constant and equal 
to the voltage at which the motor character- 
istics are correct. During acceleration a 
considerable portion of the energy supplied 
to the train or car is used up in heating the 
starting resistance, which loss may be deter- 
mined by referring to the diagram of losses 
in starting resistances, Fig. 1. The figures 
given in this diagram represent average con- 
ditions met in direct current practice, and 
vary but little with the size and voltage of 
motors. Itis assumed that the derivation 


of the formulae will be obvious from an in- 
spection of the figures. 

Considerable time may often be saved, 
and the construction of the speed-time- 
energy curve avoided, by remembering that 
for similar speed-time curves the energy 
consumptions in watt hours per ton mile 
are equal (except for slight corrections for 
increased or decreased train resistance, due 
to higher or lower speeds); also, the distances 
covered are proportional to the square of 
the linear dimensions of the speed curves. 

For example: Given a_ speed-time curve 
from which the schedule speed and energy 
consumption for a one mile run are 24 miles 
per hour and 66 watt hours per ton mile 
respectively, find the schedule speed and 
average kilowatt input to car, assuming that 
the speed time curves are similar, and the 
car makes a stop every 14 miles. Weight 
of car 40 tons. 

Solution: 

3600 


"aa 150 seconds. 


Time of given cycle= 


Time of required cycle 


184 seconds. 


3600, 
184 


Required schedule speed x 15= 


29.3 m.p.h. 
Average kilowatt input per cycle = 
29.3x 66x40 22 
1000 
It is quite evident that the calculations 
just outlined require considerably more time 
than is warranted in preparing preliminary 
estimates of the power required for the oper- 
ation of proposed trolley lines. An attempt 
has therefore been made to tabulate the energy 
consumption, or rather the average kilowatt 
input to trains of various weights and com- 
positions, when operating under the most 
favorable conditions as regards schedule 
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In other words, the short table preceding 
the average killowatts input to trains, shows 
the maximum speed for which the equipment 
should be geared, as well as the schedule 
speed obtainable with the gear ratio and 
frequency of stops assumed. For instance, 
it has been found that very little advantage 
is gained in schedule speed by gearing for a 
higher maximum than 40 miles per hour, 
if the stops are as frequent as one per mile. 
At the same time, it has not been thought 
necessary to include in this table the average 
kilowatt input to trains when geared for a 
less Maximum speed than here shown, as 
it would unnecessarily complicate the table 
without adding greatly to the value thereof. 


speed, maximum speed and stops per mile. The efficiency of acceleration depends 
TABLE III 
PARTIAL LIST OF STANDARD GE RAILWAY MOTORS 
ees as eras Weight of |p. ae 
eae te a No. of Type of Weight of | Motors with | 7 are hie a 
wis Motors Control Control Gear and Sichuan’ 
_—— | an 7 | Gear Case _ Se c 
GE-s0 40 2 K-10 040 2800 6540 
4 | K-28 1350 12550 
GE90 |... 2 | K-11 1015 2875 6765 
4 K-14 2250 13750 
| 
GE-202 50 2 | K-36 1225 2600 6425 
+ Type M 2446 12846 
GE-73 75 2 Type M 1992 4022 9966 
4 * | 3158 19246 
GE-204 75 2 TypeM | — 1828 3280 8383 
4 - 3132 16252 
GE-205 100 2 i 2460 3650 9760 
4 “ | 3600 18200 
GE-66 125 2 _ | 271K 4376 11465 
4 “ 3749 21249 
GE-206 125 2 a 2460 4250 10960 
4 é 3600 20600 
GE-207 150 2 “ | 2946 4740 12426 
4 - 4778 23738 
GE-76 160 2 ‘s 3141 5152 13445 
4 x 5385 25993 
GE-69 200 2 3379 6230 15839 
| 4 ; 5768 30688 
GE-212. | 200 2 : 3279 6230 15839 
4 S768 30688 
j 
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upon the ratio of the duration of control acceleration may be made as short as possible 
acceleration to the total time that power and the efficiency increased. It is not wholly 
is on, and upon the efficiency of control, etc. on account of the losses in the starting resist- 


DATA ON TYPICAL ELECTRIC CARS 


Type Length | Length | Seating | Weight of | Weight of 


Overall of Body | Capacity Body Truck 
“| —|——-—-- | . = 
Single truck, closed 20" 18” 18-20 6940 4400 City service 
= “ oi 28’ 21 20-24 THO 4600 zi * 
ih * 8 bench, open 25’ - 40 4400 4600 “ a 
Double truck, closed 36° 25’ a5 S400 6700 > = 
oe ev aby 37’ 28’ 42 10550 6700 ioe ad 
ay “13 bench, open 40° ; 5 11200 11400 A 
* * closed 41’ 20° 40 17000 11400 Suburban 
‘ a “a 42’ 20" 40 21000 11200 Interurban 
be = “ 49’ 1" 30’ 8” thy 26000 16000, a 
= vi al’ 42° 7* a2 83400 21000 eS 
. . < 55’ 4" 45° 4 87000 16000 = 
aa “steel body 
closed ao’ “wy 7u S5100 21000 
_ “combination 42° 3* 31’ 4° svennits 22000 11200 " 
Be 7 51’ 43’ 40 80500 23500 _ 


Above weights do not include weight of motor and car equipment. 


The control losses are confined to the period ances that high accelerations\.are recom- 
of acceleration, which renders them of little mended for short runs, because it can easily be 
importance in runs of considerable length, shown that the controlling factor in determin- 
Diagram of Losses in Starting Resistances 
Serres- 
Resistance ServesMult. Serres-Aii/t. 
Con trot Contro/ Mu/tiyple Contre! 


Series. 
Apso! “Chee aati Contre! 
save hea, toss Per Motor kece Glh S cud if bo sh st, 
Relative Fheostat losses 00 50.3 39.7 
Ave, input to train Per Motor = ET LEW, f Z te), 
Relative Input te Train 100 76.8 "8 
Input Per Motor Sor EB os? 7 
Control kM litiency She esr 696 + $F 
/P Lauvets votts Drap in Motor 
Fig. 
but when the runs are short, the acceleration ing the schedule speed and energy consump- 
should be higher in order that the period of tion obtainable, when the stops areas frequent 
iains if ci Lan a ee as one per mile, is the rate of, acceleration. * 
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The average kilowatt input values found fore be used as a starting point in making 
in the main table agree very closely with preliminary calculations of the power re- 
results obtained from the construction of quired for the operation of proposed trolley 
speed-time-energy curves, and can there- lines. 

TABLE IV 


TRAIN INPUT—FREQUENT STOP SERVICE 


TANGENT LEVEL TRACK 


Stops per Mile } } re las | 2 | 38 4 § | oc | 


| 7 
2 , —| =—_ -| a | 
Schedule Speed... 50 40 32 24 «| 185 | 155 | 13.7 12.5 | 12.7 11.0 
Maximum “ 2.) 65 55 | 45 40 30 | 25 25 21 20 19 
Seconds Stops.........| 30 20 15 12 10 ; 9 | 8 7 6 5 
Efficiency of Accel.| 75 | 75 , 74 74 | 72 70 69 68 67 65 
Accel. meio Leal | 
See... 8 | 9 1.0 11 | 1.2 1.3 1.4 1.5 1.6 1.7 
The above data is common to all trains, 
AVERAGE KILOWATT INPUT AT TRAIN 
SINGLE-CAR OPERATION 
Stops per Mile A a : | 2 3 | 4 3 6 7 
20 Ton Car, 51 36 29 26 | 24 23 22 | 22 
30 ob 60 Sl 40 36 33 32 31 31 
rt a 176 119 85 63 5I 45 43 41 0 | 40 
50) 19 130 o4 73 61 55 | O52 50 49 49 
“ * Sad siccoe 200 i40 LOG 82 70 tid | 62 HO 50 5S 
TWO-CAR TRAINS 
| ema _ — Caen 
B20 TOR sccrrersrer | osseem 78 | 60 50 | 45 43 41 40 40 
2-30 Tees | 197 104 SO 69 64 62 60 59 58 
2-40 “ 228 160 124 103 S89 $2 79 77 76 75 
2-50 |. 255 183 147 125 11) | 103 a9 97 9 ° 94 
2-60 8 cccccseeane | 282 | 202 165 144 197 | 117 115 113 111 110 
THREE-CAR TRAINS 
3-20 Ton... 102 76 67 63 | 61 60 rn 
B90 ose ely ee 173 135 112 97 90) 88 86 8 | &3 
3-40 “" 280 200 16d 140 127 117 115 113 i | oo 
3-50". 300 236 198 172 | 155 145 142 139 137 | 136 
3-60 “|. 342 263 | 219 | 191 175 167 163 160 158 157 
FIVE-CAR TRAINS 
--— , 
5-20 Ton.......-. “a | 144 | 124 | 110 | 102 O8 o7 | 95 04 
Cai ax: | a te 196 | 171 | 154 145 142 139 =6| 137 136 
5.40 "|. 370 | 292 | 246 | 216 | 197 188 | 188 180 | «178 176 
9-50) en | 438 | 350 | 302 270 | 250 236 228 225 | 222 | 290 
5-60 “ ..... | 497 | 400 | 352 314 | 200 ©9980 | 975 m7 
| 


266 263 
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The average kilowatts input to trains given 
in the above table takes no account of the 
loss in the low tension distributing system, 
substations, transmission lines, etc. These 
losses must be supplied by the power house, 
and are usually known as distribution losses. 
The determination of the losses depends 
upon combinations of the efficiencies of the 
apparatus forming various links in the system. 
Thus the efficiency of distribution for a 
typical interurban line may be determined 
as follows: 


Etficiency of step-up trans- 
formers, power house 97 to 98 per cent, 
Efficiency of high tension 
transmission line 
Etficiency of step-down 
transformers,substation 96 to 97 per cent. 
Efficiency of rotary conver- 
ters, substation % to 95 per cent. 
Etficiency of secondary dis- 
tnbuting system 85 to 90 per cent. 
Net efficiency 64 to 77 per cent. 
Efficiency of synchronous 
motor-generator sets S82 to SS per cent. 
Efficiency of induction 
motor-generator sets  S2 to SS per cent, 
This determination of distribution losses 
is usually sufficient to permit of a prelimi- 
nary estimate of the power required at the 
power house. 


© to 95 per cent. 


Main Station Capacity 


To determine the capacity of the main 
station, it is usual to construct a train sheet 
which indicates the arriving and leaving 
time of all trains throughout the day, as well 
as their positions at any one time. In case 
of a regular schedule, it is unnecessary to 
show the entire train sheet, but only a sec- 
tion or possibly two sections showing normal 
and rush hour traffic. (See Fig. 2.) These 
sheets are usually constructed after a thor- 
ough investigation of the traffic conditions, 
density of population of the region served 
by the railway company, etc.; whereby a 


sufficiently frequent headway is determined 
to insure the preatest possible patronage, 
consistent with the cost of operation. From 
these sheets it is possible to ascertain the 
number of cars necessary to maintain the 
given headway, the load diagram showing the 
kilowatts required for every penod dunng 
the day, the average load on the power 
station for 24 hours, the maximum power 
required, and the duration of this maximum 
load, ete. 


The number of cars required to maintain 
a given headway may also be found by the 
following formula, without constructing a 
train sheet. 


No. of cars required = 


time of round trip, including lay overs in minutes 


headway in minutes 


The load diagram is constructed by noting 
the number of trains on a section at any one 
time and multiplying by the average kilowatt 
input per train, as found from Table IV. The 
best method for constructing the load curve 
is to note the number of cars on a section at 
one time, then follow the train sheet through, 
noting the time when a train cither enters 
or leaves a section, and adding or subtracting 
the kilowatts taken by it. The average 
kilowatt hours per day is proportional to 


y Gor gle 
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the area of the entire load curve, and the 
average kilowatts, which usually determines 
the size of units to be employed, is obtained 
by dividing the kilowatt hours per day by 
the hours of operation. 

The maximum average load durng the 
day is found from the load curve during maxi- 
mum traffic. and the duration of this maxi- 
mum load is usually noted, as wellas the value. 
The momentary swings of power can seldom 
be estimated closely. but it is customary to 
assume about 14 times the kilowatts shown 
in the load diagram as representing the prob- 
able maximum swings at these times. This 
figure is equivalent to assuming one quarter 
of the trains on the section accelerating. and 
the others taking average input. For very 
large systems, where the number of trains 
is considerable, the fluctuations in load are 
considerably less than this amount, but on 
systems where the power taken by a single 
car represents a considerable portion of the 
energy required for the svstem, the fluctua- 
tions are much greater than 14 times the 
average value shown on the load diagram. 
These momentary swings of power should 
not exceed the momentary overload guaran- 
tees of the apparatus under consideration, 
and as a general thing. will not be the deter- 
mining factor in selecting gener: ting umits. 

The generating apparatus installed in the 
main station should therefore be sufficient to 
deliver the maximum power required for 
the operation of the entire road, with an 
extra amount to be used as a reserve in case 
of accident to one or more of the units, or 
in time of excursion traffic. The proper 


size of units to be installed in the main 
station depends upon a number of other 
considerations, among which may be men- 
tioned: 


Reciprocating engine 
Gas engine 
Water wheel. 


1 Main Station 
Old 


New. 


2 Type of Prime Mover 
Steam turbine 


3. Provision for present and probable 
ultimate capacity of station 


4. Standard sizes of generators for direct 
connection to type of pmme mover under 
consideration, 


5. Efficiency of various sizes of prime 
movers and generators, 


6. Flexibility, 
7. Cost. ete, 


In small installations tt is usual to install 
two units, either of which is capable of sup- 
plying all of the power required for the opera- 
tion of the road, thus providing means for 
transferring the load from one unit to another, 
for inspection and repairs. In large installa- 


tions a greater number of units are installed, 
which enables the operation of a sufficient 
number during light loads to utilize the great- 
est maximum efficiency of the sets, and also 
renders it possible to reduce the reserved 
capacity 50 per cent. or more. 


COVINGTON COKE EXTRACTOR 
By M. R. CLARKE 


It is the purpose of this article to briefly 
describe one of the latest and most interesting 
applications of the electric motor in connec- 
tion with the manufacture of coke. Electric 
haulage, both in the mines and in the pro- 
pulsion of coke oven larries, has long been a 
common factor in the operation of coking 
plants, but there are many operations of 
considerable magnitude where. owing to 
the presence of gas in the mines, electrical 


to the mass beneath. At the end of 48 hours 
burning, the door in the side wall of the oven 
is uncovered, and the red hot coke is cooled 
by “quenching” with water. The coke is 
then a hard mass of columnar structure, 
and from three to four hours manual labor 
is required to break this apart and convey 
it from the interior of the oven. 

It has long been the desire of coke operators 
to secure a machine which will displace the 


1 


Fig. 1. Covington Coke Extractor drawing Coke from “ Beehive" Oven and 
loading into Car. This Illustration shows arrangement of Ovens at Typical Machine Plant 


power has not been used, except possibly for 
exterior lighting. 

In the manufacture of coke, the " bee-hive"’ 
form of oven predominates. The coal is 
gradually converted into coke by a process 
of slow combustion of the volatile matter, 
which supplies the heat for maintaining the 
process of distillation. This action is con- 
served by the dome-shaped roof, under which 
the gas burns and generates heat. This 
heat is radiated from the dome of the oven 


arduous and time-consuming hand labor 
required to draw an oven. The Covington 
extractor, manufactured by the Covington 
Machine Co., Covington, Va., is the successful 
survivor of various ingenious and powerful 
machines contrived to remove coke from a 
“bee-hive'’ oven, 

In the successful operation of a machine 
for drawing coke from the oven, electric 
drive is essential, on account of its flexi- 
bility in application and control. The pro- 
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nounced success achieved by the Covington 
extractor has created a demand for electrical 
generating and motive equipments for a 
class of operations that otherwise might 
dispense with electrical apparatus altogether. 

The Covington extractor consists essen- 
tially of a ram, armed at its extremity with 
a wedge having its lower side resting on the 
oven floor, and its thin end extending toward 
the face of the coke. Pressure on this ram 
forces the wedge under the coke, detaching 
it and causing it to fall back of the ram head. 
On the return movement, the vertical rear 
face of the ram head serves as a rake, drawing 
the coke from the oven. It will be noted from 
the cut that the ram arm is provided with a 
rack on one side. A cut steel pinion, driven 
through intermediate gearing by a CO-2002, 
20 h.p. enclosed series motor, operates this 
portion of the mechanism. An R-28 con- 
troller, with 5 points forward and reverse, 
and reversing with a single handle, provides 
an effective control. The angular position 
of the ram advance is controlled by a hand- 
wheel, which pivots the ram guide about the 
pinion center. This enables the ram to 
traverse every part of the oven. 

It will be noted from Fig. 1 that the coke 
drawn from the oven drops into a trough 
which is parallel with the oven wall and sup- 
ported by the framework of the machine. 

A conveyor chain, traveling at the bottom 
of this trough, carries the coke to the lifting 
conveyor, which then liftsit to a point above 
the car, where it is dropped into a trap. 
This trap at regular intervals of accumula- 
tion, drops the coke in bunches into the car. 
This method of loading has been found to in- 
sure a Minimum amount of breakage. The 
operation of the conveyor system is effected 
by a CQ 15, 15 h.p. slow speed, compound 
wound motor. 

The various parts of the apparatus are 
mounted together on a substantial truck, 
which is propelled parallel to the oven wall 
on a standard gauge track. This propulsion, 
occurring while the machine is idle, is effected 


by a clutch which detaches the motor from 
the ram and applies it to the axles of the 
truck. 

The entire electrical equipment of these 
machines is supplied by the General Electric 
Company. There are now some 150 in opera- 
tion, and new machines are daily being placed 
in service. 

The main economy resulting from the use 
of the coke extractor is the saving of the 
expense of maintaining the large force of 
laborers necessary to draw ovens by hand. 
The following is a conservative estimate of 
the cost per oven for machine drawing: 


DIAWind foeesd tsokewe ee LE Cts: 
Cleaning out.......... 54 cts. 
Watering sei sob cas ees 6 cts. 
Leveling new charge... 15. cts. 

Petal Fc ceas isles 404 cts 


Allowance for repairs and other items brings 
this total up to about 524 cts. per oven for 
machine work, which is a conservative 
figure. The average cost of hand drawing 
amounts to $1.17. The number of ovens 
drawn by one machine in a day varies from 
35 to 50. The average amount of time 
required to draw an oven is about 20 minutes, 
whereas, with hand drawing, 3 to 4 hours 
are necessary. 

Due to the rapidity of machine drawing, 
the oven walls have less opportunity to cool, 
and a larger amount of residual heat remains 
in the oven to ignite the new charge of coal. 
Each charge will therefore have a few more 
hours to burn, due to the saving in time, thus 
producing a more complete separation of the 
fixed carbon and the volatile matter. 

In the construction of a bank of coke ovens 
it has formerly been the custom to place 
the ovens on an elevated masonry founda- 
tion. This foundation, or ‘‘ wharf wall,” 
is arranged to be on a level with the tops 
of the railroad cars in which the coke is to 
be loaded. This arrangement is necessary 
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ina plant where the ovens are drawn by hand, 
in order that the laborers, gathenng the coke 
in front of the ovens, may be able to 
dump their wheelbarrows into the car. With 
the advent of a successful extractor, a large 
number of new plants have taken full advan- 
tage of the conveyor system, and have dis- 
pensed with the construction of the wharf 
wall, the coke being loaded directly into the 
cars by the convevor. The saving effected 


being both an abrasive and an excellent 
conductor 

The motor equipment of these machines is 
giving exceHent results, and this, too, in 
the face of extremely severe conditions, 
Every effort has been made to render the 
control equipment as simple and. effective 
as possible. The starting rheostats of the 
conveyor motors are wired in accordance 
with the “BTH" method, which effectually 


Fig. 2. Rear View of Covington Coke Extractor, Showing Controller for Ram, 
and Handwheel for Varying Angular Position of Ram Travel 


in being able to dispense with the construction 
of a wharf wall practically halves the cost 
of building a bank of ovens. Fig. 2 illus- 
trates the use of a Covington extractor in a 
typical “machine plant,” where the oven 
walls are built on ground which ts level with 
the railroad track. 

The ever-present shower of dry coke dust 
has rendered it necessary to totally enclose 
both motors, in order to prevent the accumu- 
lation from forming “yrounds.” coke dust 


prevents the field ‘kick’ from breaking 
down the armature insulation, a phenomenon 
which quite frequently occurs where shunt 
or compound wound motors are operated 
on a grounded circuit. The rapidity with 
which the machine dmvers handle the con- 
troller of the ram motor is rather astounding 
at times, but the endurance of the motor 
seems to be up to the usual standard, not- 
withstanding the unusually severe treatment 
they recerve, 
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THE ROTARY CONVERTER 
Part Il 


By E. J. Bera 


In order to study the distribution of heat 
in individual coils of the armature. the fol- 
lowing arithmetic method has been used: 

The armature will be assumed moving in 
intervals covering 7.5" in space. The orginal 
position will be that indicated in Fig. 4, 
when the alternating current is maximum. 
The next position will be designated by ¢@ 
= 7.5", in which case the alternating current 
iS imax cos @, etc. The direct current is 
—i, on the right-hand side of the center line, 
and + i, on the left-hand side. 
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Fig. 5 


The sum of the instantaneous losses at 
different positions of each individual coil 
is directly obtained as follows: 


Coil No. 1........ 8.75 2 
Ns, Oot 6.72 i2 
i (a, ea 5.342 
ONG. Bes Ge 4.65 i2 
We Bic caccics 4.65 i2 
ame) | at See 5.342 
can. a ee 6.72 i? 
ONG: Be icavend 8.75 i2 


In a direct current generator, the loss in 
each coil would obviously be 


180 . ; 
pe i? = 24 i2 
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Thus the coils nearest to the collector 
leads are subjected to the greatest loss; being, 
in this case, 1.87 times the loss in the coils 
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midway between the leads, and about 36.5 
per cent. of that in a corresponding direct 
current generator. 
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Figs. 5, 6, 7 and 8 have been drawn to 
show how, with non-inductive load, the 
copper losses are distributed around the 
periphery of a _ single-phase, three-phase, 
four-phase and six-phase rotary converter, 
respectively. Fig. 5 refers to a single-phase 
converter, where the heating of the coil 
adjacent to the collector ring leads is about 
six times as great as in coils midway between 
the leads. The total heating is 1.43 times 
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Fig. 8 


that of a direct current machine of the same 
rating; therefore, for the same degree of 
heating, such a rotary converter can be rated 
at only S4 per cent. of its direct current 
output as a generator. The maximum cur- 
rent at any time for a given load is three 
times that corresponding to the direct current. 

The curve sheets are self-explanatory, and 
show in a general way that the larger the num- 
ber of phases, the less the total heating, and 
the less the difference in temperature between 
different coils. 

(To be continued.) 
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SOME NOTES ON WIRING AND WIRING SUPPLIES FOR 
MINING SERVICE 


By F. A. Barron 


In deep shaft mining operations there are 
several systems of power transmission in 
general use; among these may be mentioned: 

First, a copper wire transmitting electricity 
to electric motors; 

Second, a flexible hose carrying air under 
pressure to air motors; 

Third, iron pipes carrying steam under 
pressure to steam engines. 

In some mines electricity is used for all 
important purposes; while in others it will be 
found that ropes or mules are used for haul- 
age, and steam for all other purposes; while 
in still others, compressed air is used for coal 
drilling, and electricity for all other purposes, 

In each case the result to be accomplished 
is the performance of the mechanical work 
necessary for the extraction and hauling of coal 
orore. The essential characteristics necessary 
in the power transmission used in under- 
ground mining to meet the severe conditions 
of that service are flexibility, reliability, 
economy of space and cost, ability to trans- 
mit power to long distances with small loss, 
and facility of extension and repair. And 
it has been successfully demonstrated after 
years of service that in these important 
characteristics, electric power is so much 
the superior of the others, that it has found 
general adoption for most of the important 
operations in mining service, including main 
shaft hoisting, slope hoisting, locomotive haul- 
age, ventilation, pumping, coal cutting and 
drilling, preparation of coal in breaker, and 
lighting. 

The transmission of any power for the 
various operations in underground mining 
opens up a very interesting field for the solu- 
tion of questions involving the economical 
relationship between the loss in power and 
the investment in transmitting mediums, 
for the reason that the most economical 


centers of distribution for underground 
operation are not always accessible from 
above ground. For example, the mine shaft 
has been used as a passage through which 
to carry the transmitting medium down 
into the mine, and it therefore becomes the 
fixed center of distribution. In mines, there- 
fore, with long gangways, and numerous 
pumps, locomotives, coal cutters, drillers, etc., 
in operation, the loss in pressure becomes an 
important consideration. In addition to this, 
it is preferable to avoid, as far as possible, 
running bulky power transmitting mediums 
along the gangways, on account of the lim- 
ited space and the nature of the roof and 
walls, and also on account of their liability 
to mechanical injury. Therefore, in order 
to effect the much desired economical rela- 
tionship between investment in transmitting 
medium and loss in power, and in order to 
insure certain other desirable conditions, it 
is the practice to drill “feeder bores,”’ or 
small pipe lined holes, down into the mine 
at appropriate points between the mine 
shaft and the end of the gangways, through 
which the power is fed into the mine. 
Among other interesting features in con- 
nection with a power transmission system 
in underground operations are, the sulphur- 
ous nature of the moisture and water of the 
mines. involving corrosion and decay of 
materials; the necessarily limited head room 
and working space in the mines; the rough 
character of the work; the variable nature 
of the walls and roofs of gangways and 
chambers; the frequent blasting operations, 
requiring adequate provision for the protec- 
tion of the system from mechanical and chemi- 
cal injury; and the frequent moving of 
pumps, etc., making flexibility of transmis- 
sion an absolute necessity. It is to these 
peculiarly severe conditions that electric 
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transmission seems especially applicable. 
as offering a comparatively easy means of 
overcoming their difficulties. 

In following a brief description_of some of 
the features of the electric wiring svstem 
of mines, it should be remembered that no 
two mines are alike in details, and methods 
that will apply in one case may not fit the 
peculiar conditions found in others. The 
purpose of this article is, therefore, to describe 
but briefly a few of the essential devices 
used in the wiring equipment of coal mines 
in general. A tabulated list of the cables. 
wires, and wiring devices that are suitable 
for lighting and motor service in mines would 
be somewhat as follows: 

Feeder cables from power station to mine 
shaft, and to trolley wires in gangway. 

Lead armored feeder cables to run down 
mine shaft and feeder bores; as well as into 
pump chambers where wires are exposed to 
injury. 

Feeder wires from power station to coal 
breakers and other buildings above ground, 
and to surface and tunnel trolley systems. 

Trolley wire for locomotive haulage, with 
suspensions, frogs, ears, etc. 

Insulated and bare circuit wires for light- 
ing, above and below ground. 

Metal conduit to protect wiring from 
mechanical injury in coal breakers, washeries, 
tunnels, shafts, etc. 

Flexible steel armored conductors for coal 
cutters, drillers, etc. 

Reinforced duplex flexible conductors for 
portable lamps, etc. 

Weatherproof keyless lamp sockets, port- 
able lamp guards, glass and procelain insu- 
lators, knife switches, and porcelain recep- 
tacles for lamps on side walls where not ex- 
posed to mechanical injury. 

In mines using alternating current supplied 
from a central station and fed to substations 
near the mine shafts, the only items which 
appear necessary to be added to the above 
list are the high potential feeder cables from 
central station to substation, which are some- 


times bare, and sometimes insulated, depend- 
ing, among other conditions, upon whether 
the transmission lines are, or are not, exposed 
to interference or public traffic. 

Many of the electrically equipped mines 
of today use direct current of comparatively 
low voltage; viz., 250 to 500 volts; but owing 
to the rapid extension of the mines, and the 
operation of extensive mining properties 
under a single progressive management, it 
is safe to predict that the alternating current 
will ultimately find general adoption in min- 
jing operations. This will be largely due to 
the fact that the economical transmission of 
direct current at standard voltages is limited 
to short distances and comparatively small 
loads by the cost of copper, while alternating 
current of economic voltages can be trans- 
mitted long distances at comparatively small 
cost for line construction, and the voltage 
easily and cheaply raised or lowered to suit 
conditions. 

The coal mining department of the Dela- 
ware, Lackawanna & Western Railway Co. 
have a central station using Curtis steam 
turbines generating alternating current at 
2300 volts, which is carried on overhead 
transmission lines to the substations situated 
at the various mines. The substations con- 
tain rotary converters for converting the 
alternating current to direct current for loco- 
motive haulage, and step-down static trans- 
formers for feeding various alternating current 
motors down in the mine. Fig. 1 shows 
the front view of the central station switch- 
board, manufactured by the General Electric 
Co. A brief description of this switchboard 
may be interesting. 

When installed in 1905, the switchboard 
consisted of seven blue Vermont marble 
panels, the first panel on the left controlling 
the two engine-driven exciters; the next 
three controlling the three turbine-driven 
generators; and the fifth, of 1500 kw. capa- 
city, controlling the feeders for the motors 
in the water hoisting plant. Panels 6 and 
7, of 500 kw. capacity each, are feeder panels, 
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controlling the feeders to the substations. 
A recording wattmeter is placed on the back 
of each feeder panel, and triple conductor 
lead armored cables are run from these, 
under the floor and up the side walls of the 
station, connecting with the bare trans- 
mission lines leading to the substation. 
Each of the substations contains a 200 kw. 
General Electric six-phase rotary converter 
for direct current light and power service 
(Fig, 2), and also three 75 kw. step-down 
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glass insulators fastened to the buntons. 
However, this condition is so seldom found 
that lead covered cables placed in iron pipes 
are generally used. This method has given 
good results, even in very wet shafts. 

The following method of supporting feeder 
cables running down the shaft is suggested 
and used by the electrical engineer of the 
Delaware, Lackawanna & Western coal de- 
partment, and has given entire satisfaction. 
A number of rubber pump valves about 6 in. 


—e § 


Fig. 1. Central Station Switchboard, Coal Mining Dept., Delaware, Lackawana 


¢& Western Railroad 


transformers for alternating current motor 
service, inand around the mines, The switch- 
board consists of two panels; wiz., a 2300 
volt A.C. panel, fitted with the usual fuses, 
meters and oil switch; anda D.C, panel, pro- 
vided with a single pole circuit breaker, am- 
meter, field rheostat. and single pole single 
throw switch, The switch controls only the 
positive lead of the rotary, the neyative side 
being grounded to the rails of the haulaye 
system. 

When the mine shaft is dry, and no trouble 
is likely to occur from falling ice or coal, 
the power feeder leading into the mines 
consists of rubber covered wire supported on 


in diameter are strung on a supporting rod 
to provide proper insulation, and the rod is 
then secured in place by strap irons fastened 
to the buntons, or some other convenient 
place. The lead of the lead armored cable 
is taken off for a distance of about 4 ft., and 
the bare cable is given one or more turns 
about the support just described, and then 
clamped to itself. The lead armor is stripped 
off to prevent the weight of the cable 
from crushing the insulation surrounding 
the wire and causing a short circuit between 
the conductor and the lead covering. Wooden 
bushings soaked in paraffin and then shellaced 
are fastened in the ends of the pipe to pre- 
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vent the cable from being damaged or short 
circuited at this point. In cases where the 


depth of the shaft would produce excessive 
weight on the top support just described, 
the following arrangement is resorted to: 


Fig. 2. Interior of Substation, Coal Mining Dept., Delaware 
Lackawana G Western Railroad 


At the foot of the shaft. where the cable 
emerges from the iron pipe, through which it 
is carried down the shaft, a clamp is fastened 
to the cable and to the pipe; the cable, thus 
secured at the bottom of the shaft. is dropped 
down in the pipe to a certain extent, causing 
the cable to coil, or assume a wave like posi- 
tion, whereby a frictional support is secured 
against the sides of the pipe. This method 
of suspending feeder cables in shafts would 
also apply to those running down “feeder 
bores,” the upper end of the cable, in some 
mines, being secured to a suitable wooden 
support. The feeders are looped iuto distri- 
buting bus-bars at each vein or gangway, and 
these feed the trolley wire, pumps, motors, 
lighting circuits, etc. 

(To be continued.) 


MOTOR DRIVEN DRAINAGE 
PUMP 


A somewhat novel and interesting portable 
electric pump has been built by Yeomans 
Brothers of Chicago, for the Omaha Electric 
Light & Power Co.. and is used by the 
latter for pumping out the manholes of their 
conduit svstems, Rear and side views of 
the outht are shown in Figs. | and 2. 

The centrifuyal pump is mounted on a 


Fig.1. Rear View of Portable Motor Driven Drainage Pump 


bracket which forms one end of a long cast 
iron bed-plate designed to carry the motor 
and the inboard bearings of the pump. 

The power is supplied by a direct current 
10 h.p., $35 r.p.m., 500 volt General Electric 
motor. The pump has a capacity of from 
450 to 500 gallons per minute against a maxi- 
mum head of about 25 feet. 

Below the flexible coupling which connects 
the motor shaft to the pump shaft will be 
seen a small secondary pump driven by a 
belt from the main shaft. The function of 
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this secondary pump is to prime the casing 
of the main pump. 

When it is desired to put the apparatus in 
operation, the main discharge valve is closed 
and the motor being started up, the small 
centrifugal vacuum pump exhausts the air 
from the casing of the main pump, causing 
sufficient water to rise out of the sump or 
manhole to prime the casing of the latter. 
As soon as this is accomplished the discharge 
ralve of the main pump may be opened, and 


the axle to the starting box, the other 
to be connected to a convenient source 
of electricity, which is to be found cither in 
a manhole, in case of making connection with 
the underground system, or at a feeder or 
main junction box, in the case of a pole line. 

The wagon-top is made removable so that 
in case of necessity it can be taken off, and 
apparatus. 

Provision is made for carrying the suction 
hose on the side of the wagon body, in a 


Fig. 2. Side View of Portable Motor Driven Pump 


the speed regulated to suit existing conditions 
of head and flow. 

The priming pump is fitted with a fast and 
loose pulley so that as soon as the main 
pump has begun to deliver water, its belt 
can be shifted onto the loose pulley, thereby 
permitting the smaller pump to come to rest, 

Speed control is accomplished by means 
of a regulating resistance box which is shown 
in Fig. 2 on the left-hand side of the wayon., 
On the night is a reel carrving a flexible 
a ready access obtained to all parts of the 
connecting cord 200 ft. long. one terminal 
of which is permanently connected through 


manner very similar to that employed in 
connection with fire engines, 

With the rapidly increasing use of under- 
ground «distribution systems, it is evident 
that an apparatus of this kind will prove of 
the utmost utility, not only in removing 
the ordinary seepage and condensation which 
at times gathers in manholes and ducts. 
but it will prove especially effective and 
valuable in case of emergency or accident, 
such as frequently happens in underground 
systens when a conflagration or explosion 
yvccurs in their immediate vicinity. 
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LUMINOUS ARC HEADLIGHT 


By G. N 


An article in the October number of the 
GENERAL Evectric Review described a 
new application of the direct current lumin- 
ous arc; viz., its use for street car head- 
lights. This type of headlight is mecting 
with general favor among strect car operating 


. CHAMBERLIN 


about 100 enclosed carbon headlights of a 
well-known make. Without taking into con- 
sideration the increased volume of light, 
and the fact that the are is focusing, the 
decrease in operating expenses obtained by 
this particular company by the use of the 


Pig. 1. 


Luminous Arc Headlight for Mining Locomotives 
Front View, 


compan’es, and in every case where samples 
have been furnished, either additional orders 
have been received or assurance given that 


pegathght 


(Plug Seiten 
Fig. 3 


the luminous arc headlight will be specified 
if additional equipment is required. One 
company advises us that after trying two 
samples for a period of three months, they 
feel that they can no longer afford to use 


Taree (¢og 
Rewslente —* 


Pig.2. Headlight Open for Inspection 


luminous are headlights. warrants the in- 
quiry for prices for replacing all carbon 
headlights in use. 


OP OT Swift 


Figs. 1 and 2, illustrate a type of headlight 
for mining locomotives which, while designed 
for this particular service, is available for 
use wherever a heavy cast frame of small 
dimensions is required. The internal mechan- 


140 GENERAL ELECTRIC REVIEW 


ism and electrodes (upper copper and lower Wiring diagrams for different connection: 
composition) are identical with those used for of the headlight are shown in Figs. 4, 5 and 6 
street car service, a full description of which Without repeating the detailed information ° 
will be found in the article referred to above. given in the article in the October Review 


Maegiget Pieg Servite So 
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: Fig.4 

The casing is of cast iron, including heavy entitled ““Magnetite Headlight,” the advan- 
cast iron bars for protecting the glass door. tages of the luminous headlight as compared 
The casing complete weighs about 55 Ibs. with the enclosed carbon headlight are as 
and is arranged for bolting to a horizontal follows: 
surface; it is evident that this type of 1.. Thehigher efficiency of the magnetite arc, 
frame should be used where permanent in- giving quantity and quality of illumination. 
stallation may be made, and where increased 2. Arc maintained at focus of reflector, in- 
weight is not objectionable. suring permanent direction of rays. 


(6-10-Volk 32 CP incandecert? Lores 


(Prag Switch fwoWay Snap Switch | Grounded 
Pig. 5 

For electric switching, mining and general 3. No enclosing globes used, thus elim- 
railroad locomotives, and for stationary inating greatest expense of enclosed headlight 
lighting where an efficient broad beamed semi- maintenance. 
projector method of illumination is required, 4. Long life of electrodes—2000 to 3000 hours 
this type of luminous headlight is recom- for upper, 50 to 75 hours for lower show- 
mended. The headlight is furnished with two ing a further reduction in operating expense. 
leads, plugs and receptacles, and is adapted 5. Available means of quickly and effect- 
for connection on direct current circuits ually dimming the light—a modern method 
of from 200 to 600 volts. <A suitable resist- as compared with the use of screens hung | 


ance being furnished for any special voltage. in front of headlight door. 
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THE “INVINCIBLE” RENOVATOR 


By Tuomas Rappin 


There has been placed on the market very 
recently a unique renovating device known 
as the ‘Invincible Electric Renovator, 
which is manufactured by the Electric 
Renovator Mfg. Co., of Pittsburg, Pa. 

This machine fills a long felt want in the 
cleaning field for house, church and hall 
renovating, and affords a most convenient 
method of disinfection. 

The machine is operated on the suction 
principle, and is driven by a small direct 
connected motor. As may be noted by 
referring to the illustration, the front part of 
the machine is equipped with an aluminum 
casing, and inside of this is located a brush 
which is driven by a small belt connection 
from the fan shaft. This brush may be 
adjusted to the texture of the carpet to be 
renovated, and will therefore cause no undue 
wear on the nap of the carpet or rug. The 
inlet is 12 inches long by 13 inches wide at 
the point of contact with the carpet, and the 
suction is of sufficient strength and volume 
to remove the dust, grit and fluff from be- 
neath the latter. 

It is interesting to follow the course of the 
dust after it leaves the floor. It travels 
around the brush, past the removable trash 
drawer (designed to catch matches, string 
and other articles which might damage the 
fans) through the netting covering the inlet 
to the fans, and into the fan casing. This 
casing is divided into two stages by an 
aluminum diaphragm. The dust traverses 
these two stages and is dnven upwards into 
the cylindrical dust collector, shown at the 
right of the machine in Fig. 1 

The construction of this dust collector is 
worthy of brief mention. In consists of the 
finest woven muslin cloth, which catches all 
of the dust coming from the renovated 
surface, but allows the air to pass through 
and out into the room. The muslin collector 
is surrounded by a fine wire mesh. 


The accumulated dust may be removed by 
lifting the collector by the handle at the top, 
having first detached the four wing nuts 
shown on the under side of the collector; 
while the bottom part, which is provided with 
lugs, may be unscrewed from its connection. 
By tapping the collector lightly the dust is 
discharged, and the collector is again ready 
for service. 

The services of this machine are not limited 
to renovating carpets. The connection be- 
tween the brush casing and the fan casing is 
provided with a two-way cock which enables 


Fig. t, “Invincible Renovator 


the floor inlet to be closed, and the air inlet 
transferred to the hose connection. <A large 
number of tools for various uses are furnished 
with each machine, cnubling the operator to 
clean walls, ceilings, mouldings, pictures, 
tapestnes, and so on, and also to reach under 
radiators and other inaccessible places. By 
transferring the hose from the inlet to the 
discharge. and using an atomizer tool, a 
room may be disinfected in a most thorough 
manner, This machine affords an excellent 
means for renovating pillows and feather 
beds; first, by going over the outer surface 
with the suction tool, and second, by trans- 
ferring the hose to the discharge outlet and 
* blowing up "’ the pillows, so to speak, with 
a special tool furnished with the machine. 


142 GENERAL ELECTRIC REVIEW 


In this manner the pillow is thoroughly 
cleaned, and the feathers are agitated and 
aerated, 

The machine is built of aluminum with 
the exception of the motor, and is so light 
that a woman can operate it with ease. It 
is mounted on two rubber tired wheels, and 


circuit, and the motor will dnve the fans up 
to full speed. 

The machine commends itself to a wide 
range of usage, and the owner will frequently 
find new and unique methods of applving 
either the suction or the pressure connections 

It is interesting to note that several 


Fig. 2. Renovator Aerating Bedding 


the amount of surface that comes in contact 
with the carpet is very small. 

The motors are of the General Electnec 
Company's semi-standard type, designed for 
this particular machine, and can be furnishes 
for 110 or 220 volts, direct current or single- 
phase alternating current, The starting fea- 
tures of the machine are very simple, it being 
merely necessary to turn the smal! snap switch 
located on the motor, thus completing the 


machinus have been installed in up-to-date 
garages for cleaning and renovating the auto- 
mobiles as they come in from the road. For 
theatre renovating tt has proven indispensa- 
ble. an] this fact is evidenced by the large 
number of machines installed in the vanous 
theatres throughout the East. The machine 
can also be used to good advantage for clean- 
ing horses. and should appeal particularly to 
owners of large livery and boarding stables. 
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as it can be moved from one part of the 


stable to another, providing a flexible and 
convenient method of cleaning the horses. 


cleaning and disinfecting in the home and 
office buildings, but this machine affords him 
a cheap, portable and efficient method of 


Fig. 3. Renovator Removing Dust from Window Curtains 


The average person does not fully appre- 
ciate the dangers arising from improper 


keeping carpets, rugs, chairs, etc., in a thor- 


oughly sanitary condition. 


A MOTOR DRIVEN LAUNDRY 
By L. E. Situ 


Small Motor Department General Electric Co. 


In discussing the advantages of the electric 
drive with customers they frequently reply, 
“ Yes, electric power is very convenient and 
has many advantages, but I cannot afford to 
pay for the increased charges entailed by its 
use. I require steam, anyway, so that the 
use of the steam engine for power adds little 
to my expenditures.” 

The numerous benefits which result to a 
customer from installing electric drive do not 


appeal to such persons, unless it can be shown, 
in addition, that the electric motor will reduce, 
at least slightly, the monthly cost of power. 
General statements regarding possible savings 
have little or no convincing effect. If the 
order of such a prospective purchaser is to be 
secured, he must be shown by actual figures 
that the purchase and use of electric motors 
means a saving of so many dollars and cents 
per month. A careful comparison of the 
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customer's present power cost when using 
his steam engine, with a close estimate of the 
power cost when employing electric motors, 
will frequently astonish the prospective cus- 
tomer, and discredit his argument that electric 
power is more expensive, notwithstanding 
its added conveniences. 


Fig. 1. General Electric Motor Driving Washing Machine 


Possibly the proprietors of steam laundries 
are more difficult to convince than others 
that the use of electric motors and central 
station service will be less expensive than 
older means of power supply, because they 
actually require a steam boiler in their work 
all the year, and argue that the added cost of 
operating a steam engine under these con- 
ditions is almost neg igible. 

Therefore, in the following tabulation it 
may be of interest to note the relative costs 
of the two methods, based on actual figures 
taken from the records of an electrically 
operated laundry that has been in satisfactory 
operation for the last year, 


WITH STEAM ENGINE 


Item Dollars per Month 
Coal ; ; : ; $60.00 
Labor , : : : : 62.50 
Water . , ; : 16.00 


WITH ELECTRIC MOTORS 


Item Dollars per Month 
Coal. ‘ z : . $25.00 
Labor . : : . : 12.50 
Water . ? : : 11.00 
Electric current ’ ; 45.00 
Steam engine, Total ...... $138.50 
Electric motors, Total. .... 93.50 


Saving over steam drive, $45.00 per month, 
or $540.00 per annum, which is equal to 
one Year's interest at 36 per cent. on the 
investment required. In addition to cover- 
ing interest on the investment at 6 per 
cent.. the saving will return the entire cost of 
the change from steam to electric drive in 
three vears and four months, no allowance 
being made for the old engine. 

It will be noted in the above tabulation that 
no comparison has been drawn between the 
cost of maintenance of the two systems. As 
an actual fact, this amounts to practically 
nothing in the case of electric drive, while 
with the steam engine repairs are frequent 


Fig. 2. General Electric Motor Driving Laundry Mangle 


and expensive, due not only to their actual 
cost, but also to the value of the time lost 
during repairs, as the whole plant goes out of 


service When there is any trouble. In addi- 
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tion to all this, the cost of oil is greatly re- 
duced, as well as the cost of belts and the 
maintenance expense of shafting. 

Under the same conditions, a laundry in 
another part of the country might show a 
much greater saving, due to the fact that it 
was located in the heart of the coal district, 
where soft coal can be purchased at the rate 
of from $1.50 to $1.75 a ton;' whereas in 
other parts of the country, the cost per ton 
runs up to two or three times this amount, 

The rate of 54 cents per kilowatt hour com- 
pares favorably with the rates of many other 
central stations, and a water rate of 9.3 cents 
per thousand gallons is a fair average. 

The laundry herein referred to has in ser- 
vice a total of 16 General Electric CO motors, 
which are distributed as follows: 

One 5 h.p. motor operating carpet cleaner, 
Two 5 h.p. motors ‘ washing machines, 
One 24 h.p. motor ut collar ironer, 
One -255p., “* % mangle, 

Two 2 hp. motors “ extractors, 
One 4 h.p, motor sl exhaust fan, 


One jhp, “ = bosom ironer, 
One hp. ‘ 4 starcher, 
One jhp, “ 5 blower, 


One f{hp. “ " 
One fthp. “ <6 collar shaper. 
One f{hp. “ s¢ collar starcher. 

The twoaccompanying illustrations show the 
typical methods used in making the installa- 
tion—suspending the motors from the ceiling 
and employing only light countershafting, 
and as little of that as possible. The chief 
advantages of an individual drive are obtained 
by doing away with long series of line shafting 
and belting, as in this way the machines 
are entirely independent. and may be so 
operated as to best meet daily conditions of 
business. 

If a prospective customer can be shown 
as favorable a proposition as the above, 
based on his present power cost and an 
estimate of clectric power, he can no longer 
say, ‘' Does it pay?" but, ‘' Can I afford to 
do without the electric motor?” 


body ironer, 


A MODEL SMALL ISOLATED PLANT 


By Epw. E. Peastey 


Dreamy, picturesque Vineyard Haven! — 
probably the last place one would naturally 
expect to find an installation of man’s latest 
and greatest development in the steam en- 
gineering line —the Curtis steam turbine. 

This town, tucked away on Martha's 
Vinevard, a half hour's sail from the southern 


Powerhouse of Luxemoor Co,, Vineyard Haven, Mass. 


coast of Massachusetts, is the Mecca of pleas- 
ure seeking vacationists from June to Octo- 
ber, and its quaint old houses and winding 
streets give no indication that enterprise 
would locate here, or if established, would 
install a plant which lends excuse to the 
caption of this article. 

The plant mentioned is that of the Luxe- 
moor Company. manufacturers of fancy 
leather, and consists of a 25 kw., 125 volt 
Curtis turbine-generator, furnishing current 
for power and lighting in the factory. The 
treatment of the entire installation has been 
in accord with the best modern engineering 
practice, and shows the result of careful 
planning intelligently carried out to the small- 
est details. 

The power house is located about twenty- 
five feet from the factory and is a one-story 
building built of natural field stone laid in 
cement. Its appearance is pleasing to the 
eye, and its location, under the brow of a 
slight hill, is such that the discharge of the 
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exhaust is not prominent from the main 
street, which contains many beautiful sum- 
mer residences in the immediate vicinity. 
Unlike the exhaust from reciprocating en- 
gines, that from the Curtis turbine is noise- 
less, thus eliminating another objectionable 
feature. 


Fig. 2. 25 Kw. Curtis Turbine-Generator Installed in Luxe- 
moor Company's Power House 


The power house (Fig. 1) consists of two 
rooms separated by a heavy fire wall, one 
room containing the 50 h.p, tubular boiler 
supplying steam at 125 Ibs, pressure; the 
other room the turbine set and a two panel 
black slate switchboard, consisting of a gen- 
erator panel and a four-circuit feeder panel 
(as shown in Figs. 2 and 3). The floor in 
both rooms is of cement, finished smooth. 
The generator room was made of size sufficient 
to accomodate another 25 kw. turbine unit, 
although hardly large enough to take in a 
reciprocating set of like capacity. 

Power is delivered to a short line shaft 
in the factory by a 20 hp. slow speed 
motor of the CLB type; and from this shaft 


are driven the five or six machines used 10 
their processes. 

The owners are loud in their praise of the 
small turbine. stating that since the appara- 
tus was installed in 1906, it has never been 
out of commission, and that they have not 
expended a cent for repairs of any kind 
They are further convinced that their fue! 
cost is much lower than would be the case 1 
a reciprocating engine Were used, due to the 


Fig. 3, Switchboard of Power House 


Well maintained cffictency of the turbine. 
The cost of attendance is practically negh- 
gible, as their fireman acts as engineer and has 
considerable time for other duties outside 
the power house, the turbine requiring almost 
no attention. 
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NOTES 


EASTERN NEW YORK SOCIETY OF CHEMISTS 


The fact that interests other than electrical 
are being fostered and developed in Schenec- 
tady through social organization, is shown 
by the formation of an Eastern New York 
Society of Chemists, in the Laboratory at 
Union College, December 16th. 

The meeting was addressed by Marston T. 
Bogart, Ph. D., of Columbia University, 
President of the American Chemical Society 
and of world-wide reputation for researches 
in the field of organic chemistry. 

The subject of Dr. Bogart’s remarks, 
“Stereo Chemistry,”’ was handled in a mas- 
terly and most interesting manner, and each 
person present was enabled to follow the 
speaker closely by the aid of the diagrams 
and excellent models shown. 

Following the address, organization was 
effected by the election of officers, as follows: 

President, Dr. W. R. Whitney, of the Gen- 
eral Electric Research Laboratory; Vice- 
President, Prof. Edward Ellery, of Union 
College; Secretary, F. C. Zapf, Research 
Laboratory of the General Electric Com- 
pany; Treasurer, L. M. Willey, Research 
Laboratory of the General Electric Company. 

The officers, with the three following 
gentlemen, were elected as an Executive 
Committee, to arrange for further meetings 
and programs for the Society: Dr. Wm. P. 
Mason, Rensselaer Polytechnic Institute, 
Troy; Mr. John Hurley, Little Falls; Dr. 
Edward J. Wheeler, State Department of 
Agriculture, Albany. 

The Society embraces a territory lying 
within a radius of sixty miles of Schenectady, 
and many noted workers in the field of chem- 
istry are included within this boundary. 
It is planned to hold meetings monthly 
during all but the summer months, and it is 
expected that some of the ablest authorities 
on chemical science in the country will be 
heard here under the auspices of this organi- 
zation, 


Application has been made to the American 
Chemical Society for a charter as a Local 
Section, and it is expected that action will 
be taken on this matter at the Chicago meet- 
ing, December 3lst to January 4th. 


PITTSFIELD SECTION A,LE.E. 
Season of 1907-1908 

The Pittsfield Section of the American 
Institute of Electrical Engineers has started 
its season most auspiciously, and has an 
interesting series of meetings planned for 
the coming year. The Section has adopted 
the plan of admitting “local’’ and ‘“‘stu- 
dent’? members on payment of one dollar 
and fifty cents and one dollar, respectively. 
As a result of a careful canvass by an active 
committee, the membership has been in- 
creased by rapid strides from about twenty- 
six members on last vear’s roll to two hun- 
dred and two members, between the dates 
of November 2nd and December 6th. 

In addition to the meetings of the Execu- 
tive Committee, three regular meetings have 
been held. 

The first meeting of the Section, which 
was held on November 2nd in the attractive 
parlors at the Wendell Hotel, was addressed 
by Mr. D. B. Rushmore, of the Power and 
Mining Dept. of the General Electric Co., 
Schenectady, who spoke in a very interesting 
manner on the organization and work of the 
Institute, and the work of the Schenectady 
Section. Mr. Rushmore’s remarks were 
especially appropriate for the opening meet- 
ing, and greatly assisted the officers of the 
Pittsfield Section in stirring up an active 
interest in the work. The Secretary gave 
a list of the speakers who had consented to 
present papers before the Section. Forty- 
one new members were enrolled by the Mem- 
bership Committee at the close of the meet- 
ing. and an informal reception and smoker 
added to the enjoyment of the occasion. 

The second meeting of the Section was held 
on November 14th and, on account of the 
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increase in membership, the meeting had to 
be held in the large dining room of the Wen- 
dell Hotel. One hundred and ten members 
were present, who listened attentively to a 
very interesting lecture by Mr. H. H. Barnes, 
Jr., on the “Curtis Steam Turbine.” Mr. 
Barnes gave a very clear and comprehensive 
description of the construction and operation 
of the turbine, and brought out a large num- 
ber of special features of the Curtis machine, 
especially in regard to matters of economy 
in floor space, steam comsumption, etc. 
The lecture was illustrated with lantern 
slides, and a feature of the evening was a 
number of humorous slides which provided 
amusement for both the speaker and the 
audience, 

An audience of one hundred members 
greeted Mr. E. B. Merriam at the third 
meeting, held on the evening of December 
6th. Mr. Merriam selected as his subject 
“Some Notes on High Power Testing,’ and 
described a large number of developments 
in the design of apparatus for controlling 
electrical equipments of large capacities. 
The talk was illustrated with a large number 
of lantern slides, showing the construction 
of the later styles of circuit breakers, oil 
switches, fuses, relays, etc., and the same 
devices under tests. Oscillograph records 
were also shown and a brief description was 
given of the construction and operation of 
the oscillograph. 

Following the lecture, there was a brief 
discussion of the points brought out during 
the evening. 

It is the aim of the Committee to have the 
majority of the meetings of a popular nature, 
and as informal as possible. Special features 
are to be introduced from time to time to 
provide some amusement, and to break 
away from the regular routine. 


The Executive Committee for the Pitts- 
field Section for the year is: Mr. Joseph 
Insull, Chairman; Mr. Henry L. Smith, 
Secretary; and Mr. W. A. Whittlesey. 

* * * * 

The new gas-electric car, described on page 
101 of this issue of the Review, received 
official test on January 15th, the run being 
made from Schenectady to Delanson, thence 
to Albany, Troy and back to Schenectady. 
This route was eminently suited for testing 
the car on curves and grades; and its per- 
formance was even more satisfactory than 
had been anticipated. A party of officials 
and engineers from the Delaware & Hudson 
Railroad, the American Locomotive Com- 
pany and the General Electric Company, at- 
tended the trial trip. 


* * * * 

The following Bulletins have been issued 
by the Publication Bureau of the General 
Electric Company, since publishing the pre- 
vious list, to be found in the November num- 
ber of the Review. 

4540 Parts of GE-90-A and B Railway Motors. 

4541 Parts of Edgewise Parallel Rod 220 volt, 

D.C. Multiple Enclosed Arc Lamps, 
Forms 7 and 6. 

4542 Concentric and Inverted Diffusers. 

4543 Parts of R-53-A Controllers. 

4544 Continuous Current Railway Switchboards. 

4545 Single-phase KG Motors. 

4546 Electrification of the West Shore Railroad 

4547 Parts of CO-2002-E Crane Motors, 250 and 

500 Volts. 
4549 Thomson High Torque Induction Test 
Meter, Type IB-2. 

4550 Form G, P and K Circuit Breakers. 

4551 Thomson Horizontal Edgewise Instru- 

ments, Type H, for Switchboard Service 


4553 Parts of BJ Connection Boxes. 

4554 Portable Instruments, Type P-3. 

4555 The Electric Drive in Cement Plants. 
4556 Series Luminous Are Rectifier Systern. 
4557 K-34, K-35, and K-36 Controllers. 
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CENTRAL STATION REDEVELOPMENT OF WATER POWER* 


By Rosert E. Horton, 
HyprRavuLic ENGINEER 


The object of this paper is to present a 
resumé of the advantages that may result 
from the substitution of central hydro- 
electric power stations with short transmis- 
sion lines to the mills, in place of the present 
systems of power development and distri- 
bution at many existing water power centers, 


Advantages of Redevelopment 


As compared with an entirely new power 
undertaking, the redevelopment of existing 
water powers presents certain advantages. 

(1) In original development a market 
must, as a rule, be created either by displac- 
ing existing motive power—usually costly 
steam plants—or else by creating or attract- 
ing new industries. Furthermore, the power 
must usually be transmitted several miles, 
and right of way and franchises obtained, 
often under conditions of competition. 

(2) In redevelopment, the power is at 
the site where it is to be used; a part will be 
taken by established and operating concerns 
that have hitherto used the same power, 
and these will be the best customers for the 
additional power created. Their existing 
water wheel plants will be displaced, it is 
true, but where these are old, leaky and in- 
efficient, as is very commonly the case, the 
riparian owner will be relieved of the cost 
of replacement and repairs, and will often 
gain valuable land and room, formerly 
occupied by canals, flumes and penstocks. 

In order to induce a riparian owner to 
join in a scheme for redevelopment, he must 
be approached with arguments showing the 
advantages of the scheme, compared with a 
continuation of the existing system of devel- 
opment. This may be done in part by out- 
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lining the disadvantages of the methods in use. 

(3) In general, redevelopment will result 
in a large gain in the power available. This 
will be accomplished through an increase 
in the average head, efficiency of turbines, 
reduction of waste and leakage, and better 
utilization of pondage. These matters will 
be discussed in detail as we proceed. 

(4) With redevelopment, the necessity of 
crowding the mills into a narrow compass 
accessible to the hydraulic canals will be 
removed, and manufacturing districts will 
be afforded a chance to expand. 


Early Methods of Utilizing Water Power 

The system of power distribution in use 
in many of the older water power cities con- 
sists of a series of head races, or hydraulic 
canals as they are called, carrying the water 
to the mills where it is to be used. At the 
time the earlier developments were made, 
overshot and breast wheels were in vogue, 
and to accommodate these, the fall, if it 
exceeded twenty or thirty fect, was divided 
into two or more levels. A large water 
power in Northern New York wasted, until 
recently, two-thirds of the available fall, 
and gave as a reason, that it was imprac- 
ticable to operate a saw mill on a head of 
more than 16 feet. 

The sub-division of the head into several 
levels also increased the opportunities for 
dividing the power into small units, and en- 
abled the area supplied with power to be 
extended. As a rule, the tail races of mills 
taking water from one level discharge into 
the next level below. 

The distribution and return systems of 
canals often become very complex, as head 
canals occupy valuable space, and tail races 
sometimes have to be excavated or tunnelled 
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TABLE NO. 1 


Examples of the Hydraulic Canal System of Water Power Development 
Compiled by Robert E. Horton, Hydraulic Engineer 


| TOTAL FALL oR- | «| Present Development 
| 32] DINARILY Avan. | 22 | —— — - 
{ | ABLE 2 |) wypRavLic 
River Location a5 } 4 _ CANALS 33 Number Heads under 
Eg ” fie Line [EE @ . a. r 4 which Water 
| Feet stance |#5 |No. ngt ills is used 
Es gas Feet 28 
= [@| @ | @& re 7) @) 0) () 
e—— seme names a a ‘ap Gane a es 
Merrimac a Mass 4625) 28) 5700 | 11000 | 2) 7700 1 |About 22 20 to 28 
Merrimac Lowell, Mass. (4083 34 «7000 11845 10) 26: 2 “ 1014, 19 
Merrimac Manchester, N. H, /2840) ot ; 12000) 3 12600 2 “13 21, 30 
Connecticut Holyoke, Mass. 8000) 61-3250 14000 3) «18500 q "50 46412, 2 “26 
Mohawk Cohoes, N.Y. $450) li S600 9450 | 9 17500 5 “ 30 a + “22.5 oie 
| . 
Mohawk ‘Little Falls, N.Y. 1308 1000 | 1500) 4 2400 2-3 7 s+i8 State dam and 
Raquette Potsdam, N. Y. Ue Small 500) 4, Small 1 “ 910 Middle dam 
Saranac Plattsburg, N.Y. 640, 15  atdam 300) 2) Small 1 “ 64,11, 10 
Oswegatchie (Ogdensburg, N.Y. (1600 8-12 Small | 600) | [About 2500 1 “ 168 to 12 
| } 4 —— 1 “ 710 to 17 Upper Fall 
} Sewall Island 
Black |Watertown, N.Y. [19900 70 |) 4500 3 -— 1 “ $811 to 18 Lower Falls 
5600 | Sewall Island 
| } 4 ad 1 " 108 to 20, 25 Vapor level 
| } be Island 
| } 4 — 1 * 6101012, 15,18 Lower level 
| : } Beebe Island 
Black Black River, N.Y, 1880) 16 5a 1200) 4 Small 1 “ 98, 10,11, 13 to 15 
| k (3 Smal 1 “ 311t013' Tannery dam 
Black Carthage, N.Y. | 1&5 55°) 4750 ss00{ 2 1 “ 146 2 to91/2,17 State dam 
| 1 Small 1 “ 2918 Lower dam 
Seneca ebivienie, N.Y. (3120 11 2000+ 6] 4 3000 1 * 108 to 10 
Oswe: Oswego, N. ¥. 5000 20 Short Ww) 2 7000 1 “ 1516 to 2 Oswego and 
Granc Grand Rapids, Mich. | 4900) 14-2000 2100 2 én 1 “ 128 told Varick Canals 
Hudson Troy, N.Y. S000! 7-10 5 Small | 1200 2 1200 1 “87 
TABLE NO. 2 


Examples of Cascade Development of Water Power 


1 
Esti- : . 
s I : . | Air Line —— Storage mated See pee 
tream oration FP. zl! 'n Distance | Area | Millions | Perma- Fall now 
= Miles | Sq.Miles | of Cu. Fr. be HP) Number | Number | Utilized, 
| | | Available of Dams of Mills Feet 
ay ; (2) ~ | (a) pO) (5) (fi) (7) (8) o | ao) 
Rondout Creek Napanoch, N.Y. i About 150 1.0 95 Honk Lake 300 7 9 125+ 
N.Chuctenunda Creek Amsterdam, N. Abst ‘ied 2.1 33 Ponds 100 Several Man — 
Poestenkill roy, N.Y. | o4 a5 Ida Lake 300 4 120+ 
Lake George Outlet Tic conderoga, N.Y. lAbout 225) «1.25 | 244 | 45 Sq. M. 3000 3 or4 lWortS 140-160 
Moodus Creek E. Haddam. Conn. 30) 20 Few 145 800 13 13 346 
Pine Brook Pokatapaugh, Conn. 460 7 Few 250 a) 19 i9 339 
Hockanum River Rockville, Conn. Over 250 | Short 79 6a 1500 ll 13 204 
Hoosic River Schaghticoke, N.Y. 100 10 635 | Small 2210 4 5 7 
Battenkill Middle Falla, N.Y. | 140 | 1,6 454 | 600 Acres 2170 2or3 5 to 8 —_= 
Seneca River Seneca Palls, N.Y. * 499 | O88 770 ree. | | (1520 3or4 10 or 15 26-39 
Keuka Lake Outlet Penn Yan, N.Y. | 27 iS 187-213 | 17.5Sq.M.) 5080 — | 6 5 
Genesee River Rochester, N.Y. * 255 |) 2.0 2475 Lakes so70 3 About 50 200+ 
Fish Creek Schuvlerville, N.Y 1 rn 258 | RRSe M280 2ark dori Al 
* May also be considered as belonging to the hydraulic canal system of development. 
} t 4 7 1 @) 
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under buildings or superior canals. The 
above described method may be called the 
canal system of development. 

Throughout the New England States there 
are numerous small streams entering the 
larger stream valleys through narrow pre- 
cipitous channels, and in many cases natural 
or artificial lakes exist on the highlands. 
At many such places a small steady volume 
of flow, under a great head, may be obtained 
at points bordering on the large valleys, 
which are the main highways of commerce. 
The pioneers selected these small steady 
streams and built mills on their banks to 
grind grain and saw lumber. Large water 
powers were left untouched because of the 
great cost of development and the impossi- 
bility of utilizing large volumes of water 
with the old-fashioned water wheels. Thus 
the sites of future cities were often deter- 
mined by small streams, and industries were 
founded that have since vastly outgrown 
the water power on which they were at first 
dependent. 

In the early days, as the industries increased 
in number, one dam after another was built 
along the stream. Often these dams are 
but a few hundred feet apart and there may 
be ten or twenty of them in a single village. 
As a rule, the crest of each dam is placed 
lower than the level of the tail race of the 
mill above by an amount sufficient to prevent 
backwater. ; 

There is usually a loss of head, varying 
from a few inches to many feet, between 
every two dams. Usually the most desirable 
sites are first developed, and a considerable 
portion of the total fall is often left unused, 
or, if used, is afterward abandoned. The 
great cost of constructing and maintaining 
so many small dams is evident, and in view 
of the desirable location of the power, it 
appears that in many cases redevelopment 
under a single fall would pay a liberal return. 
This system of utilizing water power may 
be called cascade development. 


Examples of the Canal System of Development 


The examples given in Tables 1 and 2 have 
been chosen mostly because of historical or 
local interest. It is quite certain, however, 
that central station redevelopment would be 
a very profitable undertaking at a number 
of these places, as well as at many others 
not included in the list. In the tables it 
has only been possible to give a very meagre 


resumé of the conditions at each place. The 
permanent horse-power estimated is not to 
be considered as a close figure, but is given 
to convey an idea of the magnitude of power 
available. Of course the economical basis 
of development would in most cases be 
much greater. A comparison of columns 
4 to 11 of Table 1 shows the wasteful method 
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Fig. 1. Map Showing Development of Water Power 
on Connecticut River at Holyoke, Mass. 


of development made necessary by the canal 
system where the water has to be taken to 
the mills, only a few of which can be so placed 
as to utilize the full available head. In fact, 
very many mills at these older developments 
only utilize from one-half to three-quarters 
of the fall. A few of these water powers 
will be described with a little more detail. 

Fig. 1 shows the general scheme of devel- 
opment on the Connecticut River at Holyoke. 
A total fall of 61 feet is available in a distance 
of about 3250 feet below the dam. The 
raceways have a total length of 18500 feet, 
and occupy an area of nearly twenty acres. 
Most of the water is used on two levels, the 
total fall utilized being from 46 to 48 feet. 
The natural conditions are favorable for cen- 
tral station redevelopment, and by such a 
change the greater part of the canals could 
be abandoned and valuable land reclaimed 
where factories are now closely crowded. 
The permanent power could probably be 
increased one-fourth to one-third, the meas- 
urement and sale of power greatly simplified, 
and the use of surplus power facilitated 
and increased. Something like 150 turbines, 
many of them of old patterns, could be dis- 
pensed with, together with their attendant 
paraphernalia of screen racks, flumes, pen- 
stocks, wheel pits, draft tubes and harness. 
There are about sixty mills using approxi- 
mately 30,000 h.p. during the day time and 
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about one-half as much at night. Complete 
redevelopment is probably impracticable, 
as most of the power was originally sold on 
long term leases, carrying title to land for 
factory sites with water power. 
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Fig. 2. Map Showing Water Power Development on the 
Mohawk River at Cohoes and Waterford, N. Y. 


Fig. 2 shows the power development on 
the Mohawk river at Cohoes and Waterford. 
There is a total fall at Cohoes of 120 feet, 
of which 103 or 104 feet is developed. Nine 
canals are in service, having an aggregate 
length of 17,500 feet, and an area of about 
22 acres. There are five levels, but the water 
is used under various heads, the principal 
combination of falls being 18, 25, 22.5, 19 
and 19 feet, making a total of 103.5 feet. 
The horse-power of the wheels in use a few 
years ago was 6556. There are some thirty 
or forty mills, and the map fails to give an 
adequate idea of the complexity and number 
of raceways, wheel pits and turbines neces- 
sary to the use of the water on so many 
levels. The dam of masonry is a permanent 
structure, which cost $180,000, and the 
main or first level canal is admirably located 
for incorporation in a central redevelopment 
scheme. In fact, the cost of the power 
station and a short conduit would constitute 


nearly the entire expenditure necessary. 
Here, as at Holyoke, outstanding leases are 
a hindrance, 

Fig. 2 also shows King’s Canal on the 
fourth branch or “sprout’’ of the Mohawk 
as it debouches into Hudson River. Here are 
eight or ten mills operating under a low head, 
cramped for building room, and liable to 
inundation during freshets. The water rights 
appear rather uncertain, and the water level 
is sometimes drawn down in summer to the 
detriment of all, The Mohawk has four or 
five outlets, but only one of these is dammed, 
so that at best the water supply is limited. 
There are evident opportunities for improve- 
ment by redevelopment, but as is often the 
case on power canals, everybody's business 
is made the business of nobody, and matters 
stand as they were sixty years ago, although 
in the midst of a thriving and populous 
manufacturing district with admirable ship- 
ping facilities. 

Fig. 3 shows the water power on Seneca 
River at Baldwinsville,,N. Y. Here a low 
head of 11 feet is combined with the flow 
of a large and remarkably uniform river. 
A navigation canal on the left bank is also 
used as one of the raceways, and there are 
in all about ten mills, and forty or fifty tur- 
bines. Many of the turbines are very old 
scroll pattern wheels which have the reputa- 
tion of disposing of all the water that can get 
to them, and are sometimes termed “water 
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Fig, 3. Map Showing Water Power Development on 
Seneca River at Baldwineville, N. Y. 


sows.” There is no systematic control of 
the usage and draught of water—some mills 
have burned down, and the water flows 
unhindered through the abandoned flumes. 
The various leakage losses that I have 
repeatedly measured often aggregate 500 
cubic feet per second, or more. I visited 
this place last summer at a time when the 
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water was drawn two and one-half feet be- 
low the flashboard crest, nearly one-fourth of 
the head thus being directly lost. The power 
could easily be redeveloped by using the 
existing masonry dam and one short canal 

The conditions at Black River, N. Y.. 
shown in Fig. 4, are chosen as a single example 
of many apparently good opportunities for 
redevelopment in this important wood pulp 
and paper mill region. Here, as 1s often 
done elsewhere, a mill not reached by the 
flume or canal is supplied with power by 
wire rope transmission. A fall of 16 feet 
is available, yet some of the mills operate 
under heads as low as eight to ten feet. In 
this connection it may be noted that in the 
city of Watertown there is a total fall in 
Black river of 122 feet, seventy feet of which 
occurs within a distance of 4500 feet. This 
latter fall is at present developed by means 
of three dams, having fifteen hydraulic 
canals on four levels. There are twenty- 
tive or thirty mills, and the total fall utilized 
in some cases is as small as forty feet, or four- 
sevenths of the available drop. 


Fig 4 Map Showing Water Power Development 
at Black River, N.Y. 


Examples of Cascade Development 


The data given in Table 2, like that given 
in Table 1, is chosen largely from the results 
of personal visits and investigations. 

Fig. 5 shows the Battenkill between Mid- 
dle Falls and Greenwich, N. Y. Here a fall 
of 140 feet could be obtained in a distance 
16 miles. Redevelopment might be made 


by means of a power canal following the hill 
brow contour 350 feet from the dam to a 
point A, and thence a pressure conduit 
crossing the stream and leading to a power 
house at B. There are at present two or 
three dams where part of this power is used 
by several mills 


Pig 5. Battenkill Between Middle Palle 
and Greenwich, N.Y. 


Fig. (1s a sketch map of the Hoosic river 
in the vicinity of Schaghticoke, N. Y., where 
a total fall of 100 feet occurs within an air- 
line distance of about one mile. Approxi- 
mately 70 feet is at present developed by 
means of several dams. The dotted line 
AB shows a suggested course for a cross- 
country power canal, the water being led 
from BK down the steep hill slope to a central 
power station at C, and thence discharging 
through an excavated channel into the 
river at D. 

Fig 71s a sketch map of the outlet of Sara- 
toga Lake at Schuylerville. Here again is a 
fall of 100 feet, now partly developed and 
used by several mills. The plan of redevel- 
opment would be much the same as described 
for Schaghticoke 

Fig S shows Lake George outlet at Ticon- 
deroga, N Y., where there is apparently an 
unusually good opportunity for redevelop- 
ment. The yield of a drainage area of 234 
square miles is regulated by Lake George, 
which has an area of forty-five square miles. 
There is a total fall of about 225 feet, of which 
perhaps 150 feet is at present fully utilized 
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at several dams. It appears that a power 
canal, about one mile long, could be con- 
structed from A to B without difficulty, 
and the water conducted from the latter 
4 by pressure conduits to a power house 
at C. 
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Fig.6. Hoosic River in the Vicinity of 
Schaghticoke, N.Y. 


Mutual Interference of Mills and Waste of Pondage 


Where power is developed at successive 
dams under the cascade system, or where 
the same water is used on two or more 
levels in the canal system, the lower riparian 
owners are, in times of deficient water supply, 
largely at the mercy of those above. 

I will illustrate some of the aggravating 
conditions that arise, such as have been the 
source of numerous and interminable law 
suits, 

An upper owner A has a large pondage 
and runs his mill ten hours per day, utilizing 
a large part of the night inflow by means 
of pond storage. At a dam farther down 
stream B wishes to run his mill twenty-four 
hours per day, but requires less power than 
A. Under the conditions assumed he gets 
little or no power at night until A’s pond 
has refilled, while he may be obliged to waste 
a large part of the day time flow past his 
mill. If A and B change positions the con- 
dition will be no better. Again, suppose 
there are on the same stream an electric 
plant running nights and a mill running 


daytimes, and that the uppermost has pond- 
age sufficient to hold back the inflow when 
it is idle; it is evident that the lower plant 
may at times be deprived of almost all useful 
power. Consider a dozen successive dams, 
each with a pondage just large enough to 
control the low water flow for an hour or 
two, but with a total capacity sufficient to 
hold back a full day’s flow. This is a case 
of quite common occurrence. Now consider 
these mills as operating through various 
hours, one requiring much power when 
another needs but little. It will be seen that 
the distribution of the power to the mills, 
especially those lower down, is a merry 
game of chance. 

In’ general, the greater the diversity of 
conditions of use, the greater the waste by 
mutual interference under the cascade sys- 
tem of development. 

In some cases of cascade development on 
streams fed by lakes, agreements or court 
decrees exist regulating the rate and time 
of draught from storage. This is at best a 
partial remedy, and virtually amounts to 
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Fig.7. Saratoga Lake at Schuylerville, N. Y. 


operating the mills to suit the power, rather 
than the power to suit the mills, as can be 
done with redevelopment under a single 
head. 


The Theory of Pondage 


Where mills operate only part of each 
twenty-four hours, say ten hours for ex- 
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ample, it is a common practice to draw down 
the pond level during the running hours, and 
so utilize such a part of the night inflow as 
is required to refill the pond. Where there 
are several mills drawing water from the 
same dam, the water is often drawn down 
below the crest level to such an extent as 
to greatly reduce the head and effective power 
available. 

With any given inflow rate Q in cubic- 
feet-seconds, initial head H in feet, hours 
run N, and pond area A in square feet, there 
is some depth D’ of pond depletion that will 
yield the maximum amount of power. By 
an application of the calculus the following 
expression for the depletion can be derived: 

AH—1800 NO 
D’ = —_—__- -—_-—— 
A 
For example, with A= 5 acres = 217800 square 
feet, N=10 hours, H=20 feet, and Q= 200 
cubic feet per second, we find D’=3.47 feet. 

In other words, more power could be 
obtained during ten hours if the pond was 
drawn down a certain number of feet each 
day and allowed to refill at night, than if 
the drawing down of the head was either 


Fig. 8. Lake George Outlet at Ticonderoga, N. Y. 


greater or less. In many cases the variation 
in the amount of power obtainable as a result 
of the varying utilization of pondage is very 
large. 

In canal and cascade developments the 
utilization of pondage is usually a matter 
of chance and guess work. With central 
station redevelopment, the power being under 
a definite control, economical use of pondage 
becomes practicable. 


Measurement and Division of Power 

To prevent the reduction of the head by 
drawing down the pond level, and to regu- 
late other abuses sometimes incident to 
divided water powers, the regulation of the 
water supply to the mills is often placed in 
the hands of a commission or water-master. 
Under the most favorable conditions the 
division of a variable stream amony several 
mills, running at different hours and with 
varying needs for water, it is adifficult matter. 
The water used cannot ordinarily be meas- 
ured by weirs placed in the head and tail 
races without too great a loss of head. Sub- 
merged weirs are sometimes used, which 
cause a smaller loss of head, but these are 
usually less accurate and reliable than weirs 
with free fall. In other places the water 
used is estimated from a record of the head 
and run of water wheels at the mills. Daily 
measurements of the flow in the hydraulic 
canals by means of rod floats is the accepted 
method in several of the older water power 
centers. <All these methods are costly and 
difficult to carry out, and the results are often 
unsatisfactory. With a central hydro-elec- 
tric station both the total power delivered 
and the rate of use of power by each mill 
may be constantly open to inspection, and 
abuses can be regulated without awaiting 
the results of elaborate measurements and 
calculations. 
Increased Efficiency from Redevelopment 

Minor losses of head, such as are met with 
in power canals, screen racks and penstocks 
can be little reduced. Obviously there 1s 
little real difference whether six inches of 
head is lost on one-tenth the flow of a stream 
in each of ten canals, or on the entire flow 
in one canal, although there will be some 
gain in head by a reduction in the length of 
the canals, and by the use of clean racks, 
and canal gates and waterways of adequate 
size. A large gain in efficiency may often 
result from discarding antiquated, worn- 
out, poorly set and inefticient water wheels, 
many of which utilize only part of the head; 
and by the use of a smaller number of large 
wheels, mostly operating at full gate, to 
replace a greater number of wheels of promis- 
cuous types and sizes, with their attendant 
losses by step friction and mill work. With 
individual power plants nearly every mill 
will have one or more wheels operating at 
part gate and low efficiency, while with a 
central power plant all the water wheels, 
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excepting one or two, as a rule, can be oper- 
ated at an average load and gate near to 
the point of maximum efficiency. Out of a 
total of 371 turbines in use in the Black 
river region in 1898, I found 101 which were 
ordinarily operated at part gate, while a 
much larger number were so operated at 
times. Of these wheels, 195 were not over 
36 inches in diameter, and were largely used 
in wood pulp grinding where wheels of large 
capacity, operating at full gate, can be used 
to advantage. In one mull 36 old small 
register gate turbines were in use, doing 
work that might have been done by about 
one-fourth as many large modern wheels. 

The better class of American stock pattern 
turbine water wheels have been developed 
from tests made at Holyoke, under a head 
of abotit 16 feet. For heads much greater 
than this it is probable that better results 
can be obtained by the use of wheels of special 
design. Redevelopment under a single head 
offers excellent chances for the development 
of hydraulic turbo-generator units, specially 
suited to the conditions, as is done with 
steam turbo-generator units. 


Unused Water Privileges 

At very many of the older power develop- 
ments a portion—often one-fourth to one- 
half—of the water privileges have never 
been developed, or have been abandoned. 
Taken singly these unused privileges may 
be of little value, but collectively they often 
represent an important source of power in 
an ideal location. 

Under the canal system of development, 
power belonging to unused privileges is 
often utilized rent free by operating concerns. 
Apparently such surplus power should be 
distributed among the various users. With 
the canal system the surplus usually goes 
to the plant that has the largest excess wheel 
capacity, and not infrequently, I regret to 
say, it goes to the biggest hog on the power 
canal. 

In the cascade system of development by 
successive dams, the power at unused priv- 
ileges is usually wasted. With redevelop- 
ment the unused privileges can be made 
productive, and the resulting power sold or 
equally distributed. The owners of unused 
privileges will usually co-operate in redevel- 
opment, because it means to them a return 
on an otherwise idle investment. 

Electric Power Distribution 
The change in factory power distribution 


resulting from redevelopment may¢be little 
or great as desired. For example, the motor 
may be simply harnessed to the line shaft 
in place of the water wheels, or the main 
line shaft may be dispensed with and motors 
placed in each room or on each machine. If, 
however, an auxiliary steam plant is used 
the line shafting will usually be retained, 
though I apprehend that in most cases in- 
dividual steam plants will gradually be 
discarded, and the auxiliary steam plant, 
if any is needed, placed at the central power 
station. 

All the arguments in favor of electric power 
distribution versus mill work in factories 
are as applicable to mills supplied frorm a 
central power station as to those generating 
their own power. This is a field somewhat 
outside the limits of my subject, and I shall 
not enter it in detail. The following brief 
summary covers the main points: 

The removal of lines of shafting, hangers, 
pulleys, ete., will result in decreased floor 
loads; increased room for and accessibility 
of machinery; avoidance of the large friction 
losses from mill work; reduction in repair 
and operation charges; and diminished fire 
and accident hazards, 

Power need only be used when work is 
done, thus increasing the economy. Easier 
regulation will also result, as the throwing 
on or off of one machine will not affect ad- 
jacent machines. Reduced vibration, greater 
flexibility, and opportunity for use of yard 
and portable machines may also be noted. 


Uncertain and Conflicting Water Rights 

Having noted the advantages of redevelop- 
ment, it seems at first surprising that so little 
has been done in this field of hydro-electrical 
work. One obstacle to redevelopment may 
be found in the existence of uncertain and 
conflicting water rights, which gives rise to 
distrust, jealousy and an over estimation of 
their rights by individuals. With the water 
rights subdivided on a definite, fair and open 
basis, chances for selfishness would be reduced, 
and the matter of dealing with the water 
right owners would be greatly facilitated. 

In the older power developments one of 
two plans was usually followed: 

(1) Leases were granted to lands, carry- 
ing with them water under a head, as at 
Holvoke, Lowell and Lawrence in Massachu- 
setts, and at Cohoes and on the Oswego 
Canal in New York. 

(2) The original owner sold outright to 
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each purchaser the right to a certain power. 
These sales were made on different bases. 
In some cases the right was given to use a 
specified number of square inches of water 
under the available head where a square inch 
usually meant the theoretical flow through 
an orifice one inch square. In other cases 
the right was sold to use water enough to 
drive a mill, or to drive machinery or water 
wheels of some specified kind. Examples 
which have come to my notice illustrating 
the uncertainty of such deeds are, ‘‘ water 
enough for the run of mill stone,” “water 
enough for a blacksmith shop and a fulling 
mill,” ‘water enough for a Johnston reacting 
water wheel as made in 1848." 

In other cases the fractional method of 
partition is used, each riparian owner being 
entitled to so many fourths, seventeenths, 
sixty-fourths, or other subdivision of the 
total flow of the stream. The words “total 
flow’’ are intended to mean the minimum 
available flow in some cases, the average 
flow in other cases, and an arbitrary or 
assumed quantity in still other cases. As 
a rule the actual amount of power available 
was unknown when the deeds were granted. 
Such indefinite deeds pass from hand to 
hand and from generation to generation, 
using the original wording. The riparian 
owner draws as much water as he wants, 
as much as he can get, or as much as is 
allotted him. according to his influence and 
the disposition of his neighbors, Further 
complications arise from the once prevalent 
custom of granting first, second and third 
rights. Recently in visiting the mills on a 
power canal, every proprietor represented 
to me, and apparently honestly believed, 
that his was the “first right.” 

Organization of Redevelopment 

The preliminary stage of redevelopment 
comprises the formation of a working agree- 
ment or consolidation among the water 
right owners affected. There are several 
ways of proceeding: 

(1) By buying in the existing water rights. 

(2) By the formation of a trust or holding 
company in which each riparian owner shall 
receive stock in proportion to his water 
rights. 

(3) By acombination of the above methods. 

In general, undeveloped or disused water 
rights should be acquired outright. Operating 
concerns are likely to object to yielding the 
control in their water rights unless an agree- 


ment is made to supply them with power. 
There is no reason why participating concerns 
should not be given first chance to lease the 
redeveloped power, but agreements to supply 
power in perpetuity or to supply any indefi- 
nite or unmeasured amount of power should 
be avoided. In these days of water power 
booms and promotion schemes, riparian own- 
ers get erroneous impressions of the value 
of their holdings and ask exhorbitant prices. 
Such inflation of values should be discour- 
aged, as it leads to non-paying investments 
which are likely to reflect improperly on 
engineers, If redevelopment is undertaken 
by an association of the riparian owners, 
the difficulty at once arises of determining 
not only the actual, but also the relative 
rights of each. In the allotment of stock 
and the adjustment of a basis of profit shar- 
ing, jealousies and quarrels are apt to arise 
that will block the proceedings. 

A case recently came to my notice where 
the riparian owners tried to come to an 
agreement as to their respective rights in 
order to join in the erection of a new dam. 
One man claimed 3200 square inches, although 
search failed to show that more than 2500 
square inches had ever been deeded to him. 
The assembled owners finally agreed, however, 
as a last resort, to allow him 3200 square 
inches. Thereupon he talked the matter 
over with his wife and soon realized that the 
greater his water rights the larger share he 
would have to pay toward the dam, and then 
stubbornly refused to accept what he had 
asked for. I lament to record that his easy 
natured neighbors finally built the dam 
without his aid. 

After the unification of water rights has 
‘been accomplished, redevelopment becomes 
a matter of engineering of an interesting 
nature. In general, the existing dam, lands 
and canals will be incorporated in the plans 
as far as they are of use. It will generally 
be necessary to so plan the work as to avoid 
interference with existing mills during the 
construction period. Most details of the 
construction are common also to other water 
power developments, and need not be speci- 
ally treated here. I will, however, emphasize 
the value of a continuous gauging record of 
the stream flow, and the necessity for a more 
honest, thorough and logical determination of 
the economical size of development there- 
from, than has commonly been made in 
power development schemes in the past 
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PORCELAIN FOR ELECTRICAL PURPOSES 


By E. L. BaRRINGER 


Within the past ten years the manufacture 
of porcelain for electrical purposes has be- 
come an important branch of the pottery 
industry, and a number of plants throughout 
the United States are engaged exclusively in 
its production. Porcelain as an insulating 
material occupies a field by itself, and prob- 
ably more is made yearly than of all other 
insulating compounds combined. with the 
exception of rubber. 

The characteristics which give porcelain 
its value to the electrical industry may be 
stated as follows: High insulating value; a 
vitrified structure which resists the entrance 
of water or moisture; refractoriness; resistance 
to oils, vapors, etc. ;freedom from any tendency 
to warp. weaken or deteriorate in any way 
with age or severe service conditions; attract- 
ive appearance; ease of forming into various 
intricate shapes which are made permanent 
by firing; mechanical strength, with the ex- 
ception of resistance to impact; and com- 
parative cheapness. Other insulating mater- 
ials may be superior to porcelain in this or 
that respect for certain purposes, but none 
combine to the same degree the qualities 
enumerated above. 

Porcelain is differentiated from other cer- 
amic products by its white color, impermeabil- 
ity, refractory qualities, and translucency in 
thin sections. Porcelain for electrical pur- 
poses is practically the same in composition as 
that used for high grade utilitarian and orna- 
mental wares, and differs only in the form of 
the ware and the processes employed in mold- 
ing it to shape. 


Chemically, porcelain is a double silicate of . 


potassium, or sodium, and aluminum. In 
some porcelains, lime is used as an additional 
base, and more rarely, magnesia. Feldspar 
introduces the potash, or soda, and alumina 
and silica; china clay and ball clay supply 
alumina and silica; and lastly, the additional 
silica needed is supplied by ground quartz or 
potters’ flint. Thus the raw materials for 
porcelain consist usually of feldspar, china 
clay, ball clay and flint, used in the proper 
proportions to give the desired silicate when 
fired to a high temperature. The clays used 
are: kaolin or china clay, (a soft, white, refrac- 
tory substance), and ball clay, (a buff-colored, 
very plastic material). China clay is very 
short, and cannot for this reason be used 
alone, which fact necessitates the use of enough 


ball clay to give the desired plasticity to the 
composition. On the other hand, ball clay 
cannot be used alone satisfactonly, owing to 
its yellowish color and its tendency to cause 
sticking in the molds and cracking of the ware 
during drying and firing. 

Considered from the manufacturing stand- 
point, there are two classes of electrical 
porcelain—drv-process porcelain and wet- 
process porcelain—the difference being that 
in drv-process porcelain the mixture of raw 
materials is made to the form of a damp pow- 
der and pressed into shape in steel dies in 
screw presses; whereas in wet-process porce- 
lain the raw material is mixed to a stiff mud 
or dough. made into a blank form, partially 
dried, and turned on a lathe to the final 
shape. 

Dry-process porcelain is used for wiring 
fixtures, knobs, cleats, teceptacles, attaching 
plugs, switch bases, etc. The parts shown in 
Fig. 1 indicate the field in which this quality of 
porcelain is used. 

Wet-process porcelain is used for high ten- 
sion insulation, such as is necessary for oil 
switches, transmission lines and transformers. 
This porcelain is more dense, and possesses a 
higher insulating value than the dry-process 
porcelain. As an instance of this, in one 
experiment the same composition, made up 
by both dry-process and wet-process, showed 
1.7 per cent. absorption for the former 
method and 0.5 per cent. for the latter. 
Chemically, there is little or no difference 
between the two porcelains, but usually in 
the wet process a larger proportion of plastic 
clay (ball clay) is used than in the dry. This 
is to facilitate molding into the desired shape, 
wet-process methods usually requiring more 
“flow '’ to the body than dry-process because 
of difference of pressure in molding. Fig. 
2 shows a group of wet-process porcelains. 

With the exception of molding, the manu- 
facture of the two classes of porcelain is 
practically the same, and the following de- 
scription of the process applies to both, 
except where otherwise noted. 

The raw materials—feldspar, china clay, 
ball clay and flint—are weighed out and con- 
veyed to the blungers, which are cylindrical 
tanks containing horizontal arms revolving 
on a central shaft. Water is added to the 
mixture of raw materials in the blunger, and 
the mass is stirred or “blunged"’ until of 
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the consistency of cream. The porcelain 
tenty in this liquid, creamy state is termed 
‘shp’ After blunging. the slip is run through 
a coarse sieve (Which removes woody particles 
and other coarse matter), into an underground 
tank or agitator, in which revolving ~arms 
prevent any setthing out of the porcelain mater- 
mals From this underground agitator the 
sip is pumped up and onto a fine sieve or 
lawn, which separates any particles coarser 
than 150 mesh. The sieved material fails 
inte a second agitator, from which it js 


disturbance in any of the machines cannot 
affect the remainder of the system 

Up to this point the treatment ts the same, 
whether the porcelain is to be wet-process or 
dry-process. The further preparation of the 
“body or porcelain mixture now differs. 
according to the process forwhich the stock 
is intended 

For dry-process porcelains the damp cakes 
from the filter press are dried over steam coils 
until just the necessary moisture remains for 
pressing about 20 per cent by wenht 


Fig. 1. Dry Process Porcelains 


pumped to filter presses In the filter press 
the water is removed from the shp by pres- 
sure, the porcelain mixture remaining in the 
press in the form of solid, damp cakes. 

A view of the slip room in the porcelain 
shop of the General Electric Company 1s 
shown in Fig. 3. Individual electric drive is 
used, insunng cleanliness and order in the 
slip room, where it 1s highly desirable. and 
also permitting of the independent operation 
of machines which run intermittently, such 
as the disintegrators, pump and sieve Any 


The mixture, stl in cakegform, but not as 
damp as on coming from the filter press. 3s 
fed into a four-vaned disintegrator which 
Tevolves ata speed ofabout 1400 r pm., and 
which beats the mixture to a fine, loose, 
damp powder, in which form it is ready for 
pressing into shape. The pressing 1s accom- 
plished in hardened steel dies, pressure being 
produced by a hand-operated vertical screw 
Fig 4 shows several of these presses of the 
larger size. requiring two operators For the 
smaller presses one operator ts sufficient 
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There are about 70 of these machines used 
in the porcelain shop of the General Electric 
Company, mostly of the Company's own 
manufacture, and about 1200 stock shapes 
are made, some of which require very com- 
plicated and ingeniously constructed molds. 
This equipment keeps a force of tool makers 
busy repairing old molds and making new 
ones as new designs require them. The damp 
clay powder “flows"’ well under pressure, 
and pieces of intricate shape, with thin walls 
and irregular recesses, can be molded without 
difficulty. In this respect porcelain has an ad- 


rz 


and quickly removed, either method leaving 
on the ware a thin coating of the green or 
“raw'' glaze. The glaze consists of the same 
materials as the porcelain body; viz., clay, 
feldspar and flint; with the addition of cal- 
cium carbonate or whiting, which lowers the 
melting point sufficiently to cause the glaze 
to run to a smooth, glassy layer at the same 
temperature at which the porcelain vitrifies. 
The porcelains are now ready for the kiln. 
but as both dry-process and wet-process are 
fired in the same way, the wet-process ware 
will be first followed to this point, 


Fig. 2. Wet Process Porcelains 


vantage over other molded compounds which 
lack the plasticity of clays and will not flow so 
readily and uniformly under pressure. 

The molded picces are placed on pallet 
boards, which are stored on drving shelves, 
or “stillages.“" Beneath these shelves steam 
pipes are located, which supply the necessary 
heat for rapid drying. The drving period 
occupies from a few hours to several days. 
After the “burrs”’ or “fins” occasioned by 
the joints between the mold parts have been 
removed from the thoroughly dried pieces by 
hand brushing, the glaze is applied to the 
surfaces requiring it. The glaze material ts 
used in the form of a thick liquid, or “skp,” 
which is either spraved on the porcelain 
pieces, or into which the porcelain is dipped 


The porcelain mixture for wet-process ware 
is not dried on coming from the filter press. 
but the damp cakes are piled up in a large 
mass and smashed together with wooden 
mallets. From this pile the material is fed 
in chunks by hand into a vertical pug-mill. 
which “ pugs’ and kneads the clay to form 
a homoyeneous mass and remove enclosed 
air. The mixture is forced from the bottom 
of the machine in a horizontal stream by an 
auger, and from this slowly-issuing stream, 
or column, of clay- which is about 8 inches in 
diameter —sections are cut off to be molded. 
The clay is now a soft, plastic mass, and the 
sections cut off from the pug mill are placed in 
plaster of paris molds, which are in turn 
placed in a “jizger.”' In this machine the 
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soft porcelain body is forced to the walls of 
the plaster molds by a descending coring pin, 
operated by a “ pull-down,’ and the blank 
cylinder is thus formed. After drying over 
night, the blank clay piece is removed from 
the plaster mold and is then allowed to dry 
on shelves over steam coils until in a “leather 
hard” condition. In this state it can be cut 
very easily (about the same as cheese), and 
at the same time is sufficiently strong to 
retain its shape under pressure of the tools. 
The final contour desired, including grooves, 
etc., is worked on the blank piece either in 
a lathe or on a vertical jigger. The cutting 
tools are peculiar to the clay industry, and 
consist of triangular, oval, and irreygular- 


thoroughly dry inside and will crack when 
fired in the kilns. 

With wet-process porcelains the drying 
occupies from one to six weeks. The dried 
ware is glazed in the same manner as the 
dry-process porcelain, A deep brown glaze 
is used on a large part of wet-process porce- 
lain, this glaze being similar inconstitution to 
the clear or colorless glazes, but containing 
coloring oxides which unite with the other 
ingredients of the glaze to form colored 
glasses. 

The dried porcelains, both dry-process and 
wet-process, are placed in “saggers,”’ (cylin- 
drical, fire-clay boxes), and set in the kilns. 
The saggers are necessary to build up the 


Fig. 3. Slip Room in the Porcelain Shop of the General Electric Company 


shaped scrapers or cutters, knives, sticks, etc. 
After cutting to the desired shape, the piece is 
sponged off to remove tool marks, and then 
placed on shelves to dry. 

Fig. 5 shows a porcelain * blank"’ from the 
plaster mold, and one of the same blanks 
machined to the final form. The same piece 
is also shown after being fired. The material 
taken off in cutting to shape removes the 
fine surface drying cracks, or “folds"’ in the 
matcrials where jammed against the plaster 
mold. 

Drying must be carried on with care to 
avoid cracking or checking. Though the ware 
may look white and dry, vet it is often not 


ware in the kiln, and also to protect it from 
the fuel, gases, flying ash, ete., preserving 
the clean white body and smooth, glazed 
surface. They are made of a mixture of fire 
clays and have a coarse, open structure, 
similar to that of fire-brick. From 900 to 
3500 saggers can be placed in each kiln, de- 
pending on their height. which varies from 
2to 10 inches. In addition to round saggers, 
a small proportion of oblong ones are used. 
The kilns are of the old potters’ type, 
bottle shaped, with outlet stack in the 
middle, and six or eight fire boxes around 
the base. Soft coal is used for fuel. Flues 
from the fire boxes lead radially to the center 
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of the kiln, and each fire box is also an outlet 
to the interior of the kiln over “bag walls.” 

The temperature is raised as rapidly as 
possible to between 1200° and 1400° C., and 
held at this point for some hours. The finish- 
ing temperature is determined cither by 
glaze-color trials, shrinkage trials or pyrom- 
eter cones, The last named method ts the one 
mostly used in the porcelain shop of the Gen- 
eral Electric Company. The pyrometer cones 
are small, triangular cones, about 24 inches 
high. composed of the same materials which 
enter into the porcelain composition, but 


Fig. 4. Presses for Dry-Procese Porcelains 


varied in such a way that a series of cones is 
secured with softening-points ranged about 
20° C. apart. A set of three cones is put im 
the kiln within the range of a “ peep-hole,"' 
the melting-point of one of these cones corre- 
sponding to the desired temperature. while 
the other two cones soften or melt at 20° C, 
above and below this point. When the first, 
or most fusible of the cones has melted, indi- 
cating an approach to the proper temperature, 
the firing is carefully mamipulated until the 
middle, or critical cone has softened and bent 
over, When the kiln is “shut off."" The last 
cone of the series, or the most infustble, must 
not be melted down. A shrinkage of about 
14 per cent. occurs in the porcelain mass 
during firing. On this account dies must he 


made proportionally larger than the sizes 
required in the finished pieces. The fining 
operation vitrifies the porcelain mass, or body. 
and fuses the glaze to a smooth, transparent 
coating. The firing period occupies from 25 
to 45 hours, depending on size of kiln, quality 
of fuel, weather conditions, etc, A reducing 
fire gives the whitest porcelain, and the firing 
is usually of this character. 

If the proper temperature in the kiln is 
exceeded, the porcelains undergo too much 
shrinkage, and also become rough on un- 
glazed surfaces and bubbled on glazed sur- 
faces. Over-firing will also cause warping, dis- 
tortion, and a bluish color. Underfiring results 
in imperfect vitrification, insufficient shrink- 
age, and a vellowish tinge to the color. The 
glaze on underfired pieces is dull and cloudy. 
instead of bright and transparent. It will be 
seen, therefore, that correct firing is extremely 
important, and determines whether the porce- 
lain isto be good or bad, no matter how care- 
fully the work may be done up to this point 

After the ware has been properly fired, the 
kiln is cooled rapidly and the porcelains 
removed and sorted. 

Dry-process porcelains are removed to the 
shipping room, boxed and dehvered to the 
department where they are to be assembled 
to form the various wiring fixtures. The 
burning is usually carried out with such regu- 
larity that the size of the porcelain can be 
depended upon within a certain small 
variation, and there is no difficulty in fitting 
together the porcelain and metal parts. A 
small percentage of the dry-process ware 
which must be unusually close to a certain 
size is gauged and sorted. No insulation test 
is required on dry-process porcelains. The 
vitrification and consequent non-absorption 
can also be depended upon regularly. The 
requirements specified by the General Elec- 
tric Company for satisfactory dry-process 
porcelain may be stated as follows: 

The variation in size above or below the 
dimensions called for must not exceed ,y in. 
to the inch, except that knobs and cleats 
may vary in height 4 in. to the inch. The 
porcelain must be well vitrified, and the ab- 
sorption in an unglazed piece immersed in 
water must not exceed one per cent. by 
weight tn 48 hours. 

The porcelain body must be uniform and 
free from cracks or holes. The glaze must be 
bright and smooth, with no checks or pin- 
holes. or thickening at the edges which would 
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interfere with assembling. Glazes free from 
lead and such as use no lead salts for fluxes 
are required, as arcing tends to reduce the 
lead present to the metallic state. 

The wet-process porcelains, on coming 
from the kiln, are first sent to be tested, and 
then to the various departments where they 
are assembled. Practically all of these porce- 
lains are tested to insure their having the 
proper disruptive strength. The test voltage 
varies from 2000 to 125,000 volts, according 
to the purpose for which the insulators are 
to be used. It is a fallacy to suppose that 
increased thickness gives added disruptive 
strength. This is perhaps true within narrow 
limits; but, in general. increased thickness 
makes proper vitrification more difficult to 
accomplish, and the ware will contain small 
cracks and hollow spaces, which will break 


ing the insulation, the average tactor of 
safety being 24 to 1. <A large proportion of 
insulators for this work are tested only in 
assembled apparatus, and no preliminary test 
of the porcelain alone isconsidered necessary. 

In testing insulators used in high-tension 
transmission lines, both dry and wet tests 
are used, the former to insure the proper re- 
sistance to puncturing, and the latter todeter- 
mine the correctness of the design for avoid- 
ing arcing under given conditions. One 
carefully conducted wet test is ordinarily 
sufficient for insulators of any one design, 
but every insulator manufactured must be 
tested as to its disruptive strength. The 
insulators are usually designed so as not to 
puncture or arc over dry, at a voltage from 
2to 24 times that which will be carried in 
service, 


Fig. 5. Green Porcelain Blank; Same Cut to Shape; Machined Porcelain after Firing 


up the continuity of the mass and reduce tts 
resistance to puncturing voltage. 

The requirements for wet-process porce- 
lains are: a thoroughly vitrified body which 
will not show over 0.25 per cent. absorption 
when immersed in water for 48 hours; a 
permissible variation in dimensions of 4 in. 
to the inch, above or below the given size. 
The requirements for the appearance and 
character of the glaze are the same as for dry- 
process ware. 

In testing wet-process porcelains a great 
many variations are employed by different. 
manufacturers and users. For insulators used 
in high-tension oil switch apparatus, or por- 
celain bushings used in large transformers, 
the test is usually only a “dry” test, as these 
insulations are, of course, not subjected to 
rain or fog or other weather conditions affect- 


There are various methods of applying the 
test potential, the average practice with in- 
sulators of the common petticoat type being 
to immerse the head of the insulator in water, 
and, after filling the pin-hole with water, to 
raise the potential between top and bottom 
until the test voltage has been reached. 
Salt water is sometimes preferred, owing to 
the better conductivity it provides from the 
metal terminals to the porcelain. In one 
factory making a specialty of high-voltage 
insulators, as many as 1800 insulators can 
be set up and tested at one time. Here a 
small chain is suspended into the water in 
the pin-hole, while the pan containing the 
water in which the head of the insulator is 
immersed forms the other connection. 

Wet tests are made by applying a spray 
of water to the insulator, which is mounted 
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on a pin, while the potential is raised. Arcing 
between the line wire and pin should not take 
place at less than the service potential, norat 
less than any higher voltage which may be 
set by the engineer. The force of the water 
stream and angle at which it plays on the 
insulator are details subject to variation. 
To represent conditions of a rain and wind 


Fig 6. Cross Section of Link Strain Insulator 


storm, the spray is sometimes applied at an 
angle of 30 to 45 degrees from the horizon- 
tal, or a fan is used to deflect a vertically fall- 
ing spray, to cause it to strike the insulator 
at an angle. 

In testing the disruptive strength of multi- 
part insulators, it is the practice to give 
each section a preliminary test before 
assembling, in the same manner as the com- 
plete insulator is tested, but at a proportional 
potential, In determining the potential ap- 
plied in testing, both voltmeter and air-gap 
are used, some preferring one and some the 
other. While the voltmeter reading may not 
represent the maximum instantaneous poten- 
tial, the air-gap potential, on the other hand, 
may be influenced considerably by atmos- 
pheric conditions. 

Defective porcelain punctures with a vio- 
lent cracking, the path of the puncture is 
heated, and a small globule of fused porcelain 
or glaze appears on the surface. Imperfect 
vitrification and the presence of checks or 
cracks, due usually to faulty drying or 


burning, are the principal defects causing the 
failure of porcelain in test. 

Of the wet-process porcelains used for high 
tension transmission, the commonly used 
petticoat type of pin insulator is well known, 
and its merits and limitations well understood. 
Within the past year the insulators of the 
“suspension” type have been introduced, 
which are intended to overcome some of the 
defects of the pin insulator, Fig. 6 shows the 
General Electric Company's link suspension 
insulator in sectional view and in service 
assembly. 

The advantages of an insulator of this type 
may be enumerated as follows: Higher elec- 
trical and mechanical factors of safety than 
heretofore obtained, resulting in the trans- 
mission of energy at higher voltages; flexibility 
of the system, avoiding torsional strains on 
the cross arm or insulators exerted by a cable 
swayed by wind; longer spans; simplicity of 
construction, and security in case of accident. 

Porcelain used in high tension transmission 
must be of the highest grade, thoroughly 
vitrified, free from flaws of any kind, and 
strong mechanically. As stated before, porce- 
lain is mechanically strong, except in the 
quality of toughness, It has very high re- 
sistance to crushing, and fairly high trans- 
verse and tensile strength. The resistance to 
sudden blow or shock is not so important in 
line insulators, which are well out of reach, 
as is the other quality of withstanding 
steady strains in any direction. 

The respects in which porcelain fails to 
equal other insulating compounds, and which 
prevent its being a practically perfect insula- 
ting material, are its inability to withstand local 
over-heating without cracking; its lack of 
toughness and non-flexibility; the impossibil- 
ity of imbedding metal parts within it; and, 
in some measure, its hardness. In are deflect- 
ors or arc chutes porcelain would fail at once, 
through cracking and bursting, and finally 
through being fluxed by the arc. For such 
purposes a tough refractory compound, such 
as asbestos compounds, is much better 
suited, as this will neither crack when heated 
in spots nor flux readily with repeated arcing 
across the surface. The inability of porcelain 
to withstand impact or vibration under load 
renders it necessary to employ other mater- 
ials for such conditions, such as hard rubber, 
asbestos compositions, and various molded 
compounds. As to imbedding metal parts in 
proclain in the same manner as in some 
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materials, the high fire necessary to properly 
vitrify the porcelain prohibits this, because 
of the fluxing of the metal with the porcelain 
mixture which will take place at this tem- 
perature. The lack of flexibility in porcelain, 
and its hardness, prevent its being worked 


to any desired form after once being baked, 
and no alterations are possible. 

However, with its shortcomings considered, 
porcelain is, as before stated, in a class by 
itself. and far ahead of all molded compounds 
in general value to the electrical industry. 


HIGH VOLTAGE FUSES 


By E. B. Merriam 


Recent development on high voltage fuses 
and tests on 60,000 volt transmission lines 
indicate that many desirable combinations of 
a non-automatic switch and fuses are possible, 
the switch serving to open or close the normal 


Pig, 1. Expulsion Fuse, Type T, Form D 60 000 
Volts, 100 Amperes 


load of the line and the fuses taking care of 
heavy overloads and short circuits. This 
provides a very economical arrangement 
where there is a moderate amount of power 
to be tapped from a transmission line, and 
where the expense of an automatic oil switch 
installation might be considered prohibitive. 
.\ fuse has not been considered as an effective 
protective device on high voltage circuits 
until recently. To be satisfactory for this 
class of work the fuse must be quick acting, 
so that synchronous apparatus will not be 


thrown out of step in case of short circuit on 
the transmission line, and it must open the 
circuit with no line disturbances. Past prac- 
tice has demonstrated that open air fuses are 
unsatisfactory on account of the vicious arcs 
set up when a high voltage circuit is opened 
and the hot gases are unconfined, Air arcs 
at high voltages and hot gases which are of 
low resistance will involve adjacent conduc- 
tors unless measures are taken to confine the 
disturbance. Such an arrangement compli- 
cates the station layout, and is only one of 


Fig.2. Oscillogram Showing the Performance 
when Fuse Opens a Line Under 
Short Circuit 


many of the objections to open-air ares, 
These arcs are the origin of line disturbances. 
with the consequent break-down of insulation. 

A fuse blown in a confined space, such as a 
non-conducting tube of suitable dimensions, 
proper consideration being given to the 
voltage, has the property of opening the 
circuit quickly, the arc being projected from 
both ends of the tube. This action can be 
improved if the tube is closed at one end and 
provided with a proper expansion chamber. 
Some designs introduce a moving element, 
such as a switch arm, which will elongate 
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the path of the are and thereby shorten the 
length of tube required, but this is unde- 
sirable as it introduces a long whipping air 
arc in series with the expulsion tube, and 
defeats the very purpose which was to be 
accomplished; namely, avoiding an open-air 
are When the fuse blows, 


Fig. 3. Fusex Opening Short Circuit on & 00 
Volt System 


To meet the demand tor a fuse that will 
avoid all these objections and open the circuit 
with the least disturbance, the General 
Electric Company has developed the Type 
“T" Form "D”" expulsion fuse and discon- 
necting switch. The fuse holder (Fig. 1) con- 
sists of a long re-enforced fiber tube, one end 
of which is inserted in and closed by a large 
hollow receptacle termed the “' expansion 
chamber." The fuse wire or ribbon is fastened 
toa plug in the bottom of the expansion cham- 
ber, and from this is passed through the ex- 
pansion chamber and tube and connected to 
a top clip provided for the purpose, The fuse 
has a reduced section in the expansion cham- 
ber to insure blowing at this point. The 
entire device is imsulated from ground by 
standard line insulators, thus avoiding any 
complication in installution. The cradle and 
fuse holder are so designed that the combina- 
tion can be used as a disconnecting switch, 
and magnetizing currents of transformers 
can be broken, and if necessary. immediately 
switched on without re-fusing or any oOpera- 
thon "Gehe ‘rothan simpiv throwing the switch. 


Of course there ts a considerable are projected 


from the open end of the tube when the fuse 
blows, but this is not objectionable, as it 
consists of the fuse metal and is not a power 
arc, Tests on this type of fuse indicate that 
the circuit is opened in from one-half a cycle 
to three cycles, and that with the momentary 
reduction of voltage due to the short circuit, 
synchronous apparatus will not drop out of 
Step. 

Referring to the oscillogram (Fig. 2). 
will be observed that the circuit was opened 
near the zero of the current wave, the entire 
operation occupying only .02 of second. 
Fuses of this tvpe have been tested on 30,000 
and 60,000 volt circuits under varying con- 
ditions, and have given great satisfaction. 
Some of the larger fuses will take a longer 
time to blow, but if the conditions are known 
beforehand the results can be controlled.” 

Fig. 3 shows the action of these fuses open- 
ing a short circuit on a 60,000 volt system. 

Fig. 4 illustrates the action of an expulsion 
fuse on a 30,000 volt circuit. 


Fig. 4. Expulsion Fuses Opening Short Circuit .on 
3 000 Volt System 


Tests have been made on sub-station feed- 
ers protected by 3 ampere fuses of this type. 
and the defective feeder was cut off without 
shutting down the main system. The voltage 
at this time dropped very low momentaniy. 
but chd not at any time rise above the normal 
value, 
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ELECTRO METALLURGY OF IRON AND STEEL 


Part Il 
By Samuet A. TUCKER 
Apjunct Prorgssor or Erectro-CHemistry, Cotumnaia UNIVERSITY 


KJELLIN PROCESS 


This process for the production of high 
grade steel was first introduced at Gysinge 
in Sweden, and has the great advantage 
over other electric processes of working 
without electrodes, thus preventing the in- 
troduction of any impurities that they might 
contain, as well as increasing the carbon 
content of the resulting steel. Indeed, it 
may be said that steel made by this process 
is of the very highest quality. 


hee 


Sevtion AB 
Fig. 1. Elevation and Plan of Kjellin Furnace 


The Furnace 


]Fig. 1 shows both plan and elevation of 
the furnace, which is really a step-down 
transformer in which the secondary consists 
of a single turn of the metal to be treated. 


The figure gives a drawing of a 225 h.p. 
furnace, and shows the circular brick-~ 
work D, supported by the iron casing L, 
to be about 10 ft. in diameter. The annular 
space F retains the one leg of the core and the 
primary winding A. The secondary is formed 
by the channel B, which is on a level with 
the working floor and is provided with the 
detachable covers K, the charging being 
done by removing these covers. 

Such a furnace will give an average output 
of steel of 4100 kgs. per 24 hours, with a power 
consumption of 165 kw., although the loss 
of heat by radiation is considerable, amount- 
ing to about 50 per cent. The temperature 
of the metal at tapping is from 1600 to 1700 
degrees C, but the heating is under very 
perfect control. 

The primary winding of this furnace is 
built for 3000 volts, the insulation consist- 
ing largely of mica, while ventilating spaces 
and water cooling devices are provided to 
prevent overheating. 

Later furnaces, such as the Colby furnace 
in use at Philadelphia, operate at low volt- 
age on the primary, the winding consisting 
of copper tubing through which water is 
circulated. 

The method of working for the production 
of a high carbon steel for the Canadian 
Commission was as follows: 


Composition of the Charge: 


Kus 
Pig Iron 300 
Steel scrap 125 
Bar scrap 600 
Metal in the furnace, estimated 700 
12°, Silicon pig 30 
SO‘, Ferro-manganese 1 
1756 
Composition of Pig Iron: 
Carbon 4.40005 
Silicon 0.080 
Sulphur 0.015 
Phosphorous 0.018 
Manganese 1.000 
Copper 0.015 
Arsenic 0.035 
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Composition of Bar Scrap: 


Carbon 0.200% 
Silicon 0.030 
Sulphur 0,003 
Phosphorous 0,009 
Manganese 0.120 
Copper 0.008 
Arsenic 0.035 


The charge was added gradually, some 
slag being removed as the process progressed, 
At the end of six hours the metal was ready 
for tapping, for which purpose the heat was 
raised towards the last. 

The cast ingot weighed 1030 kgs., some of 
the metal being held in the furnace for the 


The quality of the steel produced by this 
process is the very best, and ranks with the 
highest grades of crucible steel; indeed, the 
process is nearly identical with the best 
crucible practice, and is conducted. with 
much greater economy. Moreover, the con- 
trol of the whole operation is very perfect. 

From recent experiments carried on in 
Germany with induction furnaces now in 
operation, it is found that the removal of 
the sulphur is a simple matter, and that 
it is best to have the charge low in phos- 
phorous if a low carbon steel is desired. If 
the removal of carbon is not an object, the 
sulphur and phosphorous can be reduced to 


Fig. 2. 736 Kw, Induction Furnace, Showing Tilting Mechanism 
(Copyrighted by American Electric Furnace Co.; reproduced by permission) 


next run, as a metallic circuit has to be main- 
tained in the secondary at all times. 

One ton of product takes 2053 Ibs. of ma- 
terial, and the energy required for working 
this particular charge was 857 kw. hours, 
equal to 0.116 h.p. years per ton of steel 


produced. 
Composition of the Product: 
Carbon 1.082% 
Silicon 0.194 
Sulphur 0.008 
Phosphorous 0.010 
Manganese 0.240 
Arsenic 0.012 
Copper 0.031 


Aluminum Trace 


traces. The furnaces are preferably made 
tilting, so that the contents may be poured, 
which is a better arrangement than that of the 
original Kjellin furnace using a fixed position 
with a pouring channel. In the German plant 
these furnaces have a capacity as high as 24 
tons perday. Economically, it is only possible 
to use a fluid charge, which is first meltedina 
separate furnace and then delivered molten to 
the induction furnace, It seems, therefore, 
that this process has a distinct future in 
being able to handle open hearth product 
in the molten condition which is to be con- 
verted to the higher grades of steel. 

A small induction furnace manufactured 
under the Colby patents, with a capacity 
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of 190 lbs. of steel, was put in”operation at 
the Disston Saw Works at Philadelphia, 
and was so far successful as to manufacture 
steel of such quality as to meet the exacting 
demands of the company. 

It is found best to use currents of low 
frequency on the primary of the induction 
furnace, in order to compensate for the low 
power factor. This means more expensive 
machinery for the generating plant, but 
notwithstanding this drawback, there is 
very great economy over the crucible process. 
With the induction furnace the casting of 
large ingots is a matter of great ease, which 
is a very obvious advantage, as uniformity 
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also carried on by this company, but their 
electric steel furnace is so similar to the 
Heroult steel furnace that a description is 
unnecessary. The Keller furnace for the 
reduction of iron ores presents considerable 
originality, the heating being accomplished 
both by the are and resistance principle. 
Fig. 7 is a diagram of the two hearth furnaces, 
and Fig. 8 shows a general view of the same 
furnaces, which consist of an iron casing of 
square cross section with refractory lining. 
The two square shafts of the furnace are 
connected by a channel which is filled with 
molten metal when in operation. The elec- 
trodes are arranged vertically, and have a 


\) 


Fig. 3. 736 Kw. Tilting Type Induction Furnace 
(Copyrighted by American Electric Furnace Co.; reproduced by permission) 


is attained with a minimum amount of 
labor. 

Figs. 2, 3 and 4 show views of 736 kw. fur- 
naces recently‘installed at the Roechling Iron 
and Steel Works in Voelklingen, Germany. 
Figs. 5 and 6 are two views of a 450 kw. in- 
duction furnace; while the illustration on the 
cover of this issue of the Revizw shows the 
60 kw. furnace in operation at the Disston 
Works at Philadelphia. 


KELLER PROCESS 


This process is applied primarily to the 
reduction of iron ores for the production of 
pig iron, and has been in operation at the 
works of Keller, Leleux & Company at Livet, 
France, for some time. Steel making is 


cross section of 28 in. On the bottom of 
the furnace is placed a slab of carbon for use 
in starting the furnace, the path of the current 
being from one electrode, through the charge 
to the carbon slab of one shaft, then by 
outside metallic connection to the carbon 
slab in the second shaft, thence through the 
second charge and electrode. 

After the furnace is in operation the molten 
metal collects in the hearth immediately 
above the carbon slabs, and also circulates 
in the channel connecting the two, so that 
the bulk of the current is carred directly 
through the channel. This arrangement 
facilitates the removal of the molten metal 
and slag, and at the same time does not hinder 
the working of the furnace during this dis- 


_ 
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Fig. 4. Transformer of 736 Kw. Induction Furnace 
(Copyrighted ly American Electric Furnace Co; 
reproduced by permisston) 


charging, as the current during this time is 


again carried by the outside shunt circuit. 
The heating is accomplished largely through 
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from the hotter zones of the shafts. In the 
later type of furnace (Fig. 9), this effect is 
particularly sought, the shaft being built 
longer, thus economizing the thermal energy. 
The figure shows a furnace with four hearths 
and one central well, the electrical connections 
being on the same plan as for a furnace having 
two hearths, 

It has been found that the use of resistance 
heating of the charge itself makes it easy to 
obtain control of the temperature, so that the 
process is carried on quietly and with ease 
Regulation of the electric energy is effected 
by changing the elevation of the electrodes, 
thereby increasing or decreasing the resistance. 

The furnaces are of considerable size and 
are designed to absorb about 400 to 600 kw., 
the current being from 6000 to 11000 amperes. 

Although the smelting of iron ore was the 
chief object in the design of the Keller 
furnace, it has been used successfully for 
the production of ferro-allovs, such as ferro- 
chromo, ferro-silicon, and the like. Several 
runs were made at Livet to demonstrate the 
smelting of iron ores for the Canadian Com- 
mission, and very careful data was secured. 
with special attention to the following points: 

|. The output of pig iron for a given 
consumption of electric energy. 


Fig. 5. 450 Kw. Induction Furnace, Front View 
(Copyraghied ly American Electric Furnace Co,; reproduced by permassiwon) 


resistance, for us the charge is introduced the 
electrodes are raised, and the reduction of the 
ore proceeds very regularly and is facilitated 
by the passage of the hot gases ascending 


2. The yield of metal per ton of ore 
charged. 

3. The quantity of coke required as a 
reducing agent. 
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4. The quality of pig iron obtained, with 
reference to its suitability for the various 
metallurgical processes for which it was 
subsequently destined. The ore contained: 

Metallic iron 48.690 per cent. 


Phosphorous Ore 
Sulphur O:G20e%: 
Silica eau SS 


This was mixed with coke, lime and quartz 
to form a suitable mixture, and was charged 
down the shafts around the electrodes. The 
Operation was carried on for 55 consecutive 
hours, a total of 23466 kgs. of mixture being 
treated in this time. 


Subsequent runs were made to ascertain 
if it was possible to obtain other grades of 
iron by varying the proportion of the charge, 
and this was found to be the case. The re- 
sults of the experiments were also found to 
agree very closely with the workings of an 
ordinary blast furnace, and about the same 
changes in the product could be brought 
about by the means usually employed in 
ordinary metallurgical practice. An estimate 
of the cost of the process per ton of pig iron 
produced, was made by Mr. Harbord, who 
compares it to modern blast furnace treat- 
ment, as follows: 


Fig. 6. 450 Kw. Induction Furnace, Top View 
(Copyrighted by American Electric Furnace Co.; reproduced by permission) 


From this charge YS6S kgs. of metal were 
obtained, with a production of 2025 kys. of 
slag. The metal had the following average 
composition; 


Total carbon 4,200 
Combined carbon 0,800 
Graphite 3.420 
Silicon 1.910 
Sulphur 0.007 
Phosphorous 0.027 
Manganese 4.300 
Arsenic Trace 


The electric energy consumed per ton of 
pig was 0.475 e.h.p. vear, which at $10.00 
per e.h.p. year amounts to $4.75 per ton ‘of 
metal produced. 


ELECTRIC SMELTING RLAST PURNACE 


Ore $2.76 $2.72 
Coke, 0.34 ton 2.38 0.925 ton 6.40 
Electrodes WZ 
Lime, 400 Ibs. AO 400 Ibs. AO 
Labor 94 American 
practice 42 
Electric energy at $10 
e.h.p. year 3.50 
Steam raising for 
blowing engine 10 
Miscellaneous mater- 
ials 1.30 
Repairs and = main- 
tenance 1.30 
$12.05 $11.34 
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THE GEROD PROCESS 
This process is one for the production of 
steel, and is in operation at the Société 
Anonyme Electro-Métallurgique at Ugine in 
France. 


trunnions for the purpose of discharging, and 
it is said that the use of one electrode makes 
the operation exceedingly simple. The exact 
details of the working of the Gerod process 
have not been published, but it is claimed 


Fig. 7. Diagram Showing Electrical Connections of Keller Furnace with Two Hearths 


While the chief object of this process is to 
manufacture ferro alloys, the furnace is well 
adapted for, and has been successfully oper- 
ated as an electric steel furnace. 

The furnace (Fig. 22), is of the arc type, 
having a single vertical electrode for one 
pole so far as electrical connection is con- 
cerned, but which actually is split up into four 
units all connected with the same lead. The 
body of the furnace is cylindrical and consists 
of an iron casing lined with magnesia brick, 
the bottom of which is provided with several 
hollow masses of iron, cooled by water. These 
iron masses serve as the other pole, and the 
arc takes place between the upper electrode and 
the slag floating on top of the reduced metal. 

It will be seen that the furnace is very 
similar to the Heroult steel furnace, and the 
operation of refining is much the same as that 
called for by the Heroult process, in so far as 
the changing of the slags and their removal 
is concerned. The furnace is arranged upon 


that with a 250 kw. furnace one ton of steel 
has been produced in 4 4 hours, using 1} tons 
of charge with an expenditure of 1060 kw. 
hours of electric energy. 


Pig-8. General View of Keller Furnace with two Hearths 
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The processes which have been described scribed the Gin, Stassano, Conley, Harmet 
are the most important, because in most cases processes, etc., as it would be only con- 
authentic figures have been published of the fusing to the subject, giving no informa- 


actual working, and they are all on a com- tion based on 


actual commercial work- 
mercial basis. This cannot be said of several ing. 


Fig. 10. Sectional Elevation and Plan of Gerod’s Furnace 
other processes of which much has been A comparison of the energy consumed in 


written, but of which only little is actually the important processes would rank about as 
known. For this reason we have not de- in the following table: 
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HEROULT STEEL PROCESS#*# 
Exercy ConsumMEeD 


Cuarcepo Corp 


No. 1. 653 kw. hours per 2000 Ibs. (Canadian Commission) 
No. 2. SS2 kw. hours per metric ton (2204 Ibs.) (Goldschmidt) 


No. : 


Cuarcep Hort 
No. 


* 
~~ 


3, 1000 kw. hours per 2000 Ibs. (Canadian Commission) 
No. 4. 1000 kw. hours per 2000 Ibs. (Canadian Commission) 


360 kw. hours per metric ton (Eichoff) 


HEROULT REDUCTION PROCESS 


No. 
No. 
No. 


ad ea 


3080 kw. hours per 2000 Ibs. (Canadian Commission) 
2306 kw. hours per 2000 Ibs. (Haanel) 
2342 kw. hours per 2000 Ibs. (Haanel) 


KJELLIN STEEL PROCESS 


No. 
No. 
No. 
No. 


fee 


970 kw. hours per metric ton (Goldschmidt) 

966 kw. hours per metric ton (Neumann) 

757 kw. hours per 2000 lbs. (Canadian Commission) 
{47 kw. hours per 2000 Ibs. (Canadian Commission) 


KELLER STEEL PROCESS 


Cuarcep Coipv, Using Ore 


No. 1. 2800 kw. hours per metric ton (Goldschmidt) 


Cuarcep Coup, Usine Pic Iron 


No. 1. 730 kw. hours per 2000 Ibs. (Canadian Commission) 


KELLER REDUCTION PROCESS 


3L10 kw. hours per 2000 lbs. (Canadian Commission) 


No. 2. 1475 kw. hours per 2000 Ibs. (Canadian Commisston) 


GEROD STEEL PROCESS 


No. |. 1060 kw. hours per metric ton 


vA 
S 
to 


The actual cost of the operation as con- 
ducted by the above processes varies any- 
where from $6.00 to $35.00 per ton of product; 
and although at first sight this is hardly a 
satisfactory showing, it must be remembered 
that several conditions enter into the question. 
The factors which influence the cost of the 
operation are: size of plant, qualitv and cost 


*The Electric Furnace in Iron and Steel Production by 
J. B. Keasnaw. 


1440 kw. hours per metric ton 


of raw material, and power costs; and these 
vary considerably. Added to this, we have 
the results based on a small number of actual 
experiments, 

There is little doubt that when any of 
these processes come to be conducted on a 
more extended scale, we may expect more 
encouraging figures, which will tend to 
extend this new industry very materially. 


CURRENCY AND FINANCE* 


Part I 


By Henry W. Daruinc 
TREASURER OF THe GENERAL Evectric_ComMpany 


' 


' This is a subject that [is engrossing a 
great deal of public attention at present, 
and one that is somewhat mystifying to the 
average reader of the newspapers because 
of the technical terms used. I am fortunate 
‘in having had my subject mapped out for 
me by interrogations that have been made 
to me and which I find, after a little exam- 
ination, fairly illustrate the difficulties of the 
average reader. 

1 will give some of the questions as an in- 
troduction: 

How are National banks organized ? 

How do they issue currency ? 

How can a National bank increase ite currency issue? 

What relation exists between National bank currency and 
government and other bonds; and aleo government currency ? 

How is currency increased by importation of gold ? 

What are the means employed in distributing gold among 
National banks, and how is it converted into currency ? 

What is the practical operation of the National bank clear- 
ing house? 

What are the actual practical operations of the National 
banks in face of a currency stringency, and what are the prob- 
lems they face? 

What is the process from special government action to re- 
lieve stringency to the point of actual currency relief? 

How does our National bank system compare with those of 
England, Germany and France ? 

How would our system be affected by establishing a Gov- 
ernment bank ? 

We will first consider the question, ‘‘ What 
is money?" 

One definition of money is, that it is a 
trustworthy, easily circulated and promptly 
redeemable token, used in exchange for 
commodities or service. 

The function of money is to facilitate ex- 
changes; it is the common medium by which 
these are rendered feasible. There has been, 
since the beginning of days, a division of 
employment and labor. Each one must 
live by exchanging his products for those 
of others. No one man could manufacture 
all the products or things that he needed 
for his own use or for the use of his family; 
therefore it was necessary to have a medium 
of exchange. 

There must be a standard of comparison 
of the worth and value of articles or labor 
exchanged; and the adoption of some one 
commodity as a standard renders this com- 


* Lecture delivered before the Schenectady Section, A. I. E. E, 
January 16. 


parison of values easy, The chosen commod- 
ity then becomes the common denominator 
in terms of which we measure the value of 
other goods or commodities. Money makes 
exchanges easier by making them definite, and 
has resulted in an increasing tendency of 
people to trust each other. It offers an 
approximate means of estimating the present 
value of a future act—a standard of value 
of deferred payments—and so it comes about 
that money is called a ‘legal tender'’—the 
standard by which future obligations are 
determined. The sum and substance of all 
modern commerce and business is the ex- 
change of commodities and circulation of 
tokens, and these tokens are called money; 
they may have intrinsic value or they may 
not. 

The worth of money depends on its ability 
to carry out its face value. Gold and other 
metals are used for the purpose because they 
have in themselves an intrinsic or commodity 
value in the arts; they are less destructible 
than paper, silk, wood and glass, and their 
use commended itself to the people. These 
tokens we call money must be stable in 
value, must be trustworthy, and must be in- 
stantly redeemable in commodities and labor. 
Their volume must expand and contract as 
trading increases or diminishes. 

It is not necessary to trace the evolution 
to gold and silver as tokens superior to all 
others. They are divisible without loss; 
they are divisible into all the different values; 
they are beautiful and brilliant, and durable 
almost to eternity. 

Next as to coinage: The tokens became a 
standard article and had to be distinctive. 
In Greece each city claimed the exclusive 
right to issue these; in the Roman Empire, 
the privilege belonged to the Emperor; while 
in France certain nobles said it was their 
right, and, as with many other things, they 
seized the right and held it, compelling the 
people to submit. In England the king 
alone coined silver and gold, and latterly it 
has been recognized as the exclusive privilege 
of the National government. 

Every country has a history of the depre- 
ciation of its national currency due to various 
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reasons, such as wars, famines, etc. Every 
currency system must be based on a standard 
unit of value fixed on some concrete substance, 
In England the unit of value is the pound, 
while in France it is the franc, and in America, 
the dollar. The currency must be suited 
to the wants of the people using it, or it fails 
of its intended purpose. The inhabitants 
of California refused to accept our greenbacks 
during the Civil War, insisting upon the use 
of gold; and gold is much more largely used 
out there now than paper money. Every 
currency system requires the use of subsidiary 
coins, which are sometimes made of copper or 
nickel. Our modern currency has been large- 
ly supplemented by the use of credits, checks, 
drafts and bills of exchange. 

The Government furnishes various kinds of 
money with which to carry on business. 
Some kinds are good enough to use between 
the business people of the country, but not 
good enough to suit the Government. It re- 
quires a special kind of money when it has 
a debt against you. If you have duties on 
imports or interest on the public debt to pay, 
there are only certain kinds of money the Gov- 
ernment will accept; that is, gold coin and 
silver dollars, or gold certificates and silver 
certificates, and United States Treasury 
Notes. The Government is bound, and the 
Secretary of the Treasury is likewise bound 
to maintain the parity of gold and silver, 
no matter what it costs. 

United States notes or greenbacks have 
been redeemable in gold since 1900, and are 
now in circulation to the amount of $346,- 
681,016. They are legal tender except for 
duties on imports and interest on the public 
debt. The Government does not accept any 
paper in payment of debts, with one excep- 
tion; namely, the U. S. Treasury notes of 
1890, originally amounting to $155,931,000, 
being the amount paid by the United States 
for silver bullion. They are legal tender, un- 
less otherwise specified in contracts. 

Gold certificates are issued by the Secretary 
of the Treasury upon deposits of gold coin, 
the certificates therefor being in denomina- 
tions of not less than $10.00. These certifi- 
cates are not legal tender, but are receivable 
for customs, taxes and all public dues. 

Silver certificates are issued for silver 
dollars deposited with the Treasurer of the 
United States. These certificates have large- 
ly taken the place, in circulation, of the stand- 
ard silver dollars which they represent. They 


are not legal tender except for public dues. 
Then we have the bank notes issued optionally 
by National banks, which are limited to the 
face value of bonds deposited in the National 
treasury, and are redeemable at a central re- 
demption agency in the treasury at Washing- 
ton. These are legal tender except for duties 
on imports and for interest on the public 
debt. 


Money Institutions of New York State 


I have mentioned the kinds of money 
the Government furnishes to the people, 
and this has brought me down to the issue 
of National bank notes. Before further 
describing these National banks and the notes 
issued by them, I would say that moneyed 
corporations chartered under the laws of the 
State of New York to do business therein 
are known as Trust Companies, Saving Banks, 
Mortgage, Loan and Investment Companies, 
and Building and Loan Associations. I was 
accused once of making a financial statement 
without a figure in it. I was not guilty of 
quite this, but I want to be as nearly so to- 
night as possible. The total resources of 
these institutions amount to $3,398,000,000, 
with a capital stock of $263,000,000. You 
can see, therefore, the vast importance of 
these State corporations. The State Bank Act 
is called in this state ‘The Banking Law,” 
and seems to have been passed in 1882. It 
was re-passed in amended form in 1892, and 
is very much like the so-called National 
Banking Act. 

Each director of a State bank must be a 
citizen of the United States—not an alien. 
The liability of a stockholder in the event of 
impairment of capital is to double the amount 
of his stock. Every State bank must render 
a report of its financial condition on approved 
forms, and at required intervals. 

A State bank may be changed to a National 
bank, and likewise a National bank may be 
changed to a State bank. Circulating notes 
are issued on the security of stocks or bonds 
of the State or United States, which are 
deposited with the superintendent of banking; 
and on application the notes, engraved in 
the proper form, and issued by the banking 
superintendent, are given to the local bank, 
and have printed across the face of them, 
“secured by public stocks."” These notes 
are issued to 90 per cent. of the commercial 
market value of the securities pledged, and 
redemption agencies are established in New 
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York, Albany and Troy. It is not absolutely 
necessary that a bank should take out any 
circulation; if it is found convenient, it may 
be done, or the bank may return the notes 
to the superintendent, and after a certain 
interval can require their securities to be 
reconveyed to them. It will be observed that 
the primary object of this law was to establish 
and maintain a system of banking. The act 
provides for a State banking department, and 
a bank superintendent with provisions for 
regular and rigid inspection. There are 
restrictions as to the amount that can be 
loaned to any one borrower. They may 
invest their deposits in municipal bonds, stocks 
etc.; also in railroad bonds, some of which 
are specified. The capital stock which must 
be paid up must be $500,000 in large cities 
of 500,000 population or more, and as little as 
$20,000 in small places. A deposit of $1,000 in 
some municipal stock must be made before a 
certificate can be issued and business begun. 
Directors must subscribe to an oath. Re- 
serves of 15 per cent. of deposits must be 
maintained in large cities, and 10 per cent. in 
smaller ones, but of this, one-half may be on 
deposit in another bank on call. 

As to trust companies: The difference be- 
tween a trust company and a bank lies chiefly 
in the fact that originally trust companies 
were instituted to execute trusts, to admin- 
ister the estates of insane persons, to be 
executors of wills, etc., and to do various 
other business of a trust character; and 
incidentally they were allowed, by the pecu- 
liar phraseology of the act itself, to receive 
public deposits. It was never intended that 
they should enter into the banking field 
generally and compete with chartered banks 
for deposits by the people, but by a construc- 
tion of the statute itself it was found possible 
_ to do so, and the intrusion of trust companies 
as competitors for the business of banking 
is a comparatively modern development. 
The capital of a trust company must be 
$500,000 in cities of 200,000 population. 

Trust companies also deal in securities, 
and receive money on deposit upon which 
interest is allowed, much the same as in the 
case of savings banks. They have, however, 
no right to issue bank bills, as do National 
banks, and they are not permitted to have 
branches, except in large cities. They have 
power to act as safe deposit companies. It 
was supposed that when they were compelled 
to invest their capital in bonds and mortgages 


that it would be an assurance of security to 
their patrons, but it has turned out that 


this system was not particularly advanta- 


geous. The principal difference between banks 
and trust companies, as originally intended, 
was that the trust companies were not required 
to keep any fixed ratio of reserves against 
their deposits. Last year, however, this 
law was changed and in cities of 800,000 
population and over, they are now required 
to keep reserves of 15 per cent. of which one 
third may be in bonds, and not more than 
two-thirds may be on deposit in approved 
banks or trust companies. In smaller cities 
the reserve must be 10 per cent., of which 
at least three-tenths must be in money; not 
more than three-tenths may be in bonds; 
and not more than four-tenths in approved 
depositories. 

The business or function of a bank, broadly 
speaking, is to gather up the savings of the 
people, and to make them useful for the pro- 
motion of the business and industries of the 
country under well-defined banking principles 
and safe and proper restrictions. 


National Banks 


We next come to the National banking 
statute passed in 1864. This National bank- 
ing act was devised “to provide a National 
currency secured by pledge of United States 
bonds, and to provide for the circulation and 
redemption thereof,’’ and National banks are 
agencies or institutions of the Government 
for this purpose. You know something of 
the circumstances in 1864, when the country's 
resources were depleted by the War of the 
Rebellion, The credit of the country had 
fallen low from the enormous slaughter of 
the population and the withdrawal of so 
many men from the industries, etc. The 
National securities were quoted at extremely 
low prices, and the country was flooded with 
irredeemable currency, of which it was said 
one needed about an equal number of cords 
to buy as many cords of wood. 

The needs of the National treasury were 
exigent; the expenditure was enormous. 
There was a great struggle between those who 
favored the system of a monopoly, and the 
advocates of absolutely unrestricted freedom 
for banking; and from time to time the 
balance had swung from one side to the other. 
Loan after loan was made; the country was 
getting more and more deeply into debt. It 
was Alexander Hamilton who originally sug- 
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gested the germ or basic principle; to “ Bank 
upon the National debt as the best available 
capital.”” The draft of the proposed act was 
taken bodily from the laws of those states 
which appeared to have attained the greatest 
success under the free banking system, and sec- 
tions covering the features of the securities to 
be pledged and the methods of supervision were 
added. Primarily, the aim was to procure 
the necessary funds for the purposes of the 
country, and incidentally to put into circula- 
tion bills furnished by the government, their 
redemption to be guaranteed and regulated by 
the United States. Added thereto was the 
skillful preparation of the law establishing 
banks, and the honest enforcement of appro- 
priate banking laws. The following are the 
principal features of this act establishing these 
National banking associations — the instru- 
ments through which forced loans were to be 
obtained from the people, the value of the 
United States Bonds was to be enhanced, and a 
National currency system put into oper- 
ation. 

Congress has the sole right to regulate and 
control the operations of the National banks; 
the State legislatures cannot interfere. The 
usual powers incident toa banking business are 
conferred, but loans on the security of real es- 
tate are prohibited. In cities of large size 
(50,000), the capital must be $200,000; in 
smaller communities, as low as $25,000 is al- 
lowed. Ofthis 50°; must be paid up, and the 
balance in monthly installments of 10%. 

Directors must subscribe to an oath and 
must be citizens of the United States; further- 
more three-fourths must have resided in the 
state at least one year, must be residents 
therein during continuance of office, and must 
qualify with 10 shares of stock. Shareholders 
are liable to double the amount of their stock 
in case of impairment of capital, except where 
the capital is as large as $5,000,000 and sur- 
plus of 20 per cent. Executors or trustee 
stockholders are not personally liable to assess- 
ment, but the estates they represent are. 

These National banks are constituted de- 
positories of public monies except customs 
receipts. They may be emploved as financial 
agents of the government, and the secretary 
of the treasury may require them to give 
satisfactory security for deposits, etc. They 
must take and receive at par all the National 
currency bills which have been paid into the 
Government for interest, revenue, or for loans 


or stocks. Any State bank may become*%a 
National bank. 
Obtaining and Circulating Notes 

Before it can begin business, each National 
bank must deliver to the treasurer of the 
United States at least $30,000 of United 
States bonds and not less than one-third of 
its capital stock paid in; and this proportion 
of 30 per cent. must be maintained when the 
capital is increased. These bonds are held 
in trust for the bank and as security for cir- 
culating notes; the controller of the currency 
and the United States treasury act together. 
Banks whose capital is $150,000 or less, need 
not deposit bonds of over 25 per cent. of their 
capital. A bank can deposit lawful money 
and withdraw a proportionate amount of 
bonds. Circulating notes are delivered to 
the bank equal to the par value of the bonds 
deposited, but not in excess of its capital 
paid in. In order to keep these notes in 
circulation it was originally provided that 
if they were presented for redemption, the 


~ bank could not increase its circulation again 


for six months, but for obvious reasons this 
section was repealed. It was for the same 
purpose, however, that the law provides that 
the secretary of the treasury cannot be com- 
pelled to redeem more than $9,000,000 cir- 
culating notes in any one month and “first 
come, first served."” It is this feature of 
rigidity that is found so objectionable in 
practical operation. Each man and each 
business enterprise requires enough money 
for purposes of exchange, and, at certain 
seasons of the vear more currency is needed 
than at others. The moving of the crops 
in the autumn necessarily employs a large 
volume of circulation, and it seems absurd 
that the business of the country generally 
should be disturbed, and the value of money 
should be enhanced to borrowers all over 
the country while this beneficent work is 
being accomplished, As stated at the outset, 
a proper currency system should be adequate 
in amount for all purposes, and should auto- 
matically expand and contract as the need 
for it arises and ceases. There should be a 
daily system of redemption going on, so that 
there should neither be too little nor too 
much. This element of elasticity is one great 
defect in our bond secured currency, and it is 
clear that the act was never designed to 
furnish this needed flexibility. 
(To be continued) 
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ROTARY CONVERTERS 


Part III 
By E. J. Bere 


Ratio of Copper Losses 


They show, also, that the ratio a of the ar- 
mature copper losses of a given machine, when 
run as rotary converter and direct current 


It has been previously shown that the 
ratio between the effective value of the alter- 
nating current in the armature and the direct 
current, is: 


generator, is as follows: Sapte phase Current Gerenstor 
m = 2,a = 1.42 pipette riyrre] 
m = 3, a = 0.57 sees: ee cugaasnelteseesenaseae : 
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With inductive load, the armature copper 
losses are increased in the proportion of the 
square of the wattless component to the 
square of the resultant energy component 
previously discussed, 


Copper Losses at Different Power Factors 

The effect of the wattless component is, how- 
ever, not a uniform addition of losses all around 
the circumference. The coils near the collector 
rings carry relatively more current than with 
non-inductive load; thus the distribution of 
heat with wattless current is less favorable 
than with non-inductive current. This dis- 
tribution is, however, improved with an in- 
creased number of phases. 


SSustatuesetiass*=s"-toe8 
or 
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Fig.2 


. 180 
m sin 
m - 
Thus the wattless current, expressed as_a 
function of the direct current, is: 


tan ¢ 
m sin 
m 
and the heating due to this current, as fa 
percentage of that obtained with direct cur- 
rent, iS: 
Stan? @ 
m? sin? 


At a power factor cos ¢, the heating as a 
percentage of the direct current heating, is, 
therefore: 


ric tized y, Kites tle 
Digitized by Google 
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2 
100 (0.57 — — ——— ) 
m? sin? 


Where the value of a is obtained from the 
above table—for instance, in the case of a 
three-phase converter operating at 90 per 
cent. power factor (cos ¢=0.90), we have: 

Toro- ease Ds Ou F008 GEE RE 
Ati OLS 
@ Aor mcuctre Load 


aa Gseeseasa> ~~~ ====-<-*S0Qeeeeeaeus 
ee. === 7 = 


snus 


at as SESSeaEees 
SHEE 4 Stee IeRIELSUTES. ot aS 


ee 
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aoe total heating 
Bes betwee Laue b rewvonnle Ae amatiannrid dticedt 
Fig. 3 
Percentage heating = 
80.484? 
100 (0.57 + 90.8662) = 83-4 per cent. 
For a six-phase converter the correspond- 
ing heating is: 
8 » 0.484? 
2 
100 (0.206 T 6 x 0.25 
The power factor which will give the same 
armature copper loss as that with direct 
current is found by the following equation: 
ou Stan?d , 


m? sin? — — 
m 


) = 47.4 per cent. 


. 180 
l1—a sim 


tan? = .354m1 an 
Tan ¢ being known, cos ¢, the power factor, 
is directly obtained from trigonometric tables. 
E xam pie: Find the power factor for a six- 
phase’rotary converter which will give the same 
armature copper loss as direct current only. 
tan $= 0.354 X 6 X V1— 0.266 
cos 60° = 0.905 
thus cos ¢ = 0.7453 


Example: How much shou'd the rating 
of a three-phase rotary converter be reduced 
for a power factor of 90 per cent.? 

We then have: 


cos ¢ = 0.9 $ = 25.5 
tan ¢ = 0.474 tan? @¢= 0 
Substituting: 


9 X 0.75 

Thus the output should be reduced to 
82 per cent. of the rating. 

In a rotary converter it is of importance 
to know how much lower the direct current 
output will be when the power factor of the 
alternating current is not unity. To illus- 
trate the method of determining this, let 
the direct current i, in the winding at full 
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Fig. 4 


load be 1; the alternating current (see equa- 
tion 4) in the winding is then: 
: = 2 Vv 2 
_ 180 
m sin 
and the heating due to these currents is a. 
With a direct current in the winding of C,, 


the alternating current in the winding, 
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c= 23 Ces 
m sin ; 
m 
and the heating of the machine as aconverter 
is C? a 
At a power factor of cos ¢@ the wattless 
component of the alternating current in the 
winding is: 
) D 
fund = 2, 2C, tan@¢ 


m sin 


m 
Thus the heating, due to the current which 
is not compensated for, is proportional to: 


2,2 C,. tan d \2 
. 180 
m sin 
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Thus the total heating is proportional to: 
2 Z 
Cia + 8C? tan? ¢ 
180 


m 
This value should be the same as for rated 
load, thus: 


m? sin? 


2 2 
C?a + 8C? wer i 
m? sin? ° 
m 
andC, = . 
: V. + Stan? ¢ 
m* sin? 180 
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Since these values are of very great practi- 
cal importance, Fig. 9 has been prepared, 
which shows these relations for the various 
types of rotary converters. 

The interesting characteristics of the vari- 
ous types of rotary converters are tabulated 
below, where: 

A gives type of converter. 

B “ power factor. 


; a os 
Cc ratio, pc -load voltage. 


D “ rati sara 
atio, 1 @ line current. 


maximum value A. <i current 


direct current 
F “* ratio armature copper loss as rotary 
and D.C. generator for same 
output. 
ratio of rating as rotary and D.C. 
generator for same armature cop- 
per loss. 
H “ power factor for same energy output 
and copper loss as rotary and D.C. 


E “ratio, — 


G " 


generator. 
M “ number of collector rings. 
Single- Three- Four- Six- 
phase phase phase phase 


B 100 90) 100) 90) 100) 90 100 90 
Cc 707 613 a) 853 


D 1.414/1.57. 9451.05. .707!.785 472! .525 
E 2 (999154 L711414 157 1333 148 
F 1.43 188 .555 82 377) 60 26 | 46 
G 84 73134 111163 120194 147 
Gjerde 85 78.5 74 
M 2 3 4 6 


Figs. 10, 11, 12 and 13 give diagrammatic- 
ally the distribution of armature losses in 
single-phase, three-phase, two-phase and six- 
phase double current generators. These dia- 
grams are calculated in a similar manner to 
those for the rotary converter. Instead of 
the alternating current being + imax in 
the first position, it is — imax and the direct 
current and alternating current are thus in 
phase. 

It is of interest to note that, with the same 
output on the direct current and alternating 
current side, the actual armature copper 
loss in all but the single-phase case, is less 
than 1 all output was given as direct current, 
the relative ratings being: 


Six-phase machine 106.8 per cent. 


Four-phase machine 105. “ “ 
Three-phase machine as 
Single-phase machine Wa. SS 


(Toe be continued) 
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WOOD MANTELS PRODUCED BY ELECTRICAL POWER 


By Joun P. Jupce 


The Felippe A. Broadbent Mantel Company 
of Baltimore, Md., operated their factory for 
several years previous to 1904 with mechan- 
ical drive. During that year they built an 
entirely new factory, and after considerable 
investigation, determined to have all of the 
woodworking tools driven separately by 
electric motors. The new equipment was 
started on January 1, 1905, and therefore 
has now been in operation for more than two 
and one-half years. The fact that the owners 
are pleased with the results obtained is well 
shown by the accompanying letter. 

“We take pleasure in stating that we are 
more than satished with our electric equip- 


particularly well pleased with the equipment 
of the turning lathes, which does away with 
the belts entirely. The doing away with 
these and the pulleys we find particulariy 
advantageous, as it eliminates the collection 
of dirt on the latter, which was constantly 
dropping on the work, The belts were 
aiways in the way. 

“T had, of course, considerabe apprehen- 
sion as to the delays we might suffer in run- 
ning the plant electrically equipped, until the 
same was in thorough working order, but I 
must say that this apprehension was entirely 
uncalled for; for, though the men had never 
run machines of this kind before, we have 


| 


Fig. 1, Interior of Power House. Felippe A. Broadbent Mantel Company 


ment in every way; the writer having in 
person examined a number of woodworking 
plants (some of which were the largest in the 
world) and is confident that we have the 
most perfect electrically-equipped wood- 
working plant in this country. 

Certainly, anyone seeing this plant, who 
knows anything about the equipping of wood- 
working machinery, could not help but state 
that it is almost as near perfect as it could be 
made; the application of the electrical] equip- 
ment to the machines being such as to almost 
entirely do away with belting, thus saving 
us great expense in the constant stopping 
of the machines to take up belts, etc. We are 


had very little trouble, and only a few slight 
delays since we have started. 
* * * * 

‘We do not believe the lighting could be 
improved upon, and the men in some cases 
prefer it to the daylight. 

* * * * 

Were we to build another plant, certainly 
nothing would be used but electricity. The 
economy, of course, is very great, as the power 
is entirely saved whenever the machines are 
not in use, and it is really astonishing to know 
the difference between the horse-power in 
motors, and the horse-power which is being 
consumed, 


ue 
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* After running two years and a half, we find 
we have spent less than $200.00 in repairs 
for electric equipment.” 

* * * * 
(Signed) 
Yours very truly, 
Felippe A. Broadbent Mantle Co.,, 
F. A. Broadbent, Pres, 


The factory is located in a low part of the 
city, near the harbor, and in that section 
basements are usually avoided, because of 
trouble from tide water. 

’ Before the system for driving had been 
determined upon, the architect had prepared 
his plans. and the building was about ready 
for the roof. A careful consideration of the 
matterimpressed the owners with the advan- 
tages to be gained by having the motors for 
the heavy machines placed in a basement. 
Fortunately, the first floor had been laid out 
for a 22 foot pitch; this was cut down to 17 


Fig.2. Automatic Rip Saw, Belt Driven 


feet, and by digging down about 3 feet further 
a basement was secured 7 feet high, in which 
all of the motors for driving the heavy 
machines on the first floor could be located. 
This permitted standard motors, without 
covers or artificial ventilation, to be used. 
Although a considerable expense was incurred, 
the owners are well satisfied with the results. 


and feel assured that the money involved was 
well invested, 

The generating plant consists of two engine- 
type generators. rated: 

MP-6-100 kw.-270 r.p.m.-250 volts, 

MP-6- 50 kw.-2S0 r.p.m.-250 volts 
cach mounted on the base of a horizontal 
engine, running non-condensing, 


Fig.3. Automatic Rip Saw Driven by 15 h.p, Constant 
Speed Motor Located in Basement 


The switchboard consists of seven black 
enameled slate panels with instruments, 
including among the latter a recording watt- 
meter for each generator panel, 

In this installation the owners acted along 
broad lines, with the fundamental intention 
of securing a maximum of output with a 
minimum of cost, and to obtain a motive 
power free from delavs and interruptions, due 
to break-downs and improper attention. 

Forty-five motors, aggregating 398 h.p., 
are installed, all of them being 230 volt, con- 
tinuous current machines. 

A characterisic of many woodworking 
machines is that the speed of the cutting tool 
remains constant, while the feed should be 
varied in accordance with the work being 
done. This applies especially to sanders, 
planers, jointers, and machines of this class. 
These machines were fitted with a constant 
speed motor for the cutting tools, and a 
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variable speed motor-controller for the feed, 
and the results have been most satisfactory. 

The old method involved the use of con- 
siderable shafting and belting with cone 
pulleys, giving only a few feed speeds, while 


head, and is giving much better service and 
a materially increased output. 

Each of the swing saws is operated by a 
3 h.p. motor, mounted in the arbor of the 
saw. We found very little difficulty in 


60” Triple Drum Power Feed Sander Driven by 25 h, p. Motor 
Direct Coupled to Counter Shaft, which is Located in 
Basement Below the Machine 


with the variable speed motor a much greater 
range of feed speed can be obtained, with 
more gradual increments, resulting in better 
work, greater production and less wear and 
tear. This is especially noticeable in’ the 
large sanders. 

There is no overhead belting on the first 
floor, and in fact, very little on any of the 
floors. On a number of the large machines 
having several working cylinders, it is neces- 
sary to use one belt to each cylinder, but even 
with these machines there is a striking differ- 
ence between the old and new systems, 

Many of the machines now in use were 
employed in the old shop, while others were 
designed especially for electrical driving. 
For large machines requiring several belts, 
the main motor is coupled directly to the 
counter shaft, while the feed motor is belted 
to the feed shaft. 

Under the old system, the large automatic 
lathe for turning up columns required an 
elaborate installation of counter shafts and 
belts, with tight and loose pulleys, This 
lathe is now belted direct to a motor over- 


mounting these motors, even in the saws 
moved from the old factory. 

The double end sander was another machine 
taking up a large amount of room, because 


6)” Triple Drum Power Feed Sander—Belt Driven 


WOOD MANTELS PRODUCED BY ELECTRICAL POWER 187 


Fig.6. Motor Driven Swing Saw Fig.7. Motor Driven Bench Lathes 
it was necessary to use a counter shaft and Perhaps the greatest simplicity was secured 
three’ belts. The new equipment consists of in a number of small lathes used for sand- 
two motors, each carrying a disc 30 in. in papering, filling, veneering, etc. On each of 
diameter, with external shafting or belting. these the motor takes the; place of the head 


Fig. 8 Variety Molder— Driven by Two 5 h.p. Motors with Vertical Shafts 
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stock, and is furnished with a standard shaft, 
the end of which is threaded for such chucks 
or dises as the owners may require, and which 
are supplied by them. 

The putty mixer is an adaptation of the 
standard J. H. Day, three-barrel dough mixer, 
and is used for mixing compositions consisting 
principally of whiting and glue. An ordinary 
batch consists of one barrel of whiting, with 
the proper quantities of glue and other 
materils, and the actual mixing requires only 
about 4 minutes, Mixing the compositions 
by hand, under the old svstem, required an 
hour and a half for this work. The owners 
say the product as now obtained from the 
electrically driven machine is much better 
than formerly, the materials bemg more 
thoroughly mixed, and renuire less time to 
dry; this latter item being one of considerable 
IM portanee, 


Fig © Variety Molder Belt Driven 


Of the total motor rating of SYN hop... the 
shaving blowers, which min constantly, re- 
quire MH hp. The average lead is about 
1) kw,, but for short pertiats it goes up to 
MW kw), with momentary tumps as high as 
205 kw 

Ehminating the blowers. the lead factor 
on the weodworking tools vartes fram 30 to 
39 per cent 

The entire milous fehted with Genera! 
Electne multiple DC, Ll vel are lamps 
With coneenine Uitusess, rus tween semes. 
On a Qa vast circus 


SOME NOTES ON WIRING AND WIR- 


ING SUPPLIES FOR MINING SERVICE. 
By F. A. Barron. 


Part Il 


In many coal mines it is customary, for un- 
derground illumination, to use incandescent 
lamps only in the mine shaft, in approaches 
to the foot of the shaft, at track switches. 
and for visual signalling; relying on the head- 
lights of the locomotives and the miner's 
lamps for illumination in other parts of the 
mines. Miners have become so accustomed 
to working by the dull glare of their head 
lamps. that even where conditions are faver- 


Fig. 1. Weatherproof Lamp Socket 


able and power is available for general light- 
ing of the gangway and chambers. they 
appear quite indifferent to better illumina- 
tion. The method of supporting the light- 
ing circuits along the gangwavs. air ways, 
walls and roofs, to their destination. is by por- 
celain or glass imsulators mounted on wooden 
cleats; and the same care and precautions 
are exerted here as in exposed circuit wiring 
in wet places, except that owing to the pres- 
ence of sulphuric acid in the moisture and 
water of the mines. bare wires are frequently 
used in preference to insulated ones The 
feeders for trolley wires and pump motors, 
where exposed to mechanical inturv. are 
usually encased in tron conduit. 

The lamp sockets used in mines are usually 
of the 125 volt kevless weatherproof type. 
made of porcelain. or mica and hard rubber 
compounds. The latter will stand more hard 
usage. as they are tougher and less brittle 
than the porcelain. and are therefore more 
generally used in places where the sockets 
are exposed to injurv. These sockets are 
proviled with leads for connecting them 
directly to the ctreuit wires, allowing the 
lamp to hang suspended. and enabi:ng it to 
swing if struck These sockets are shown 
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Where lamps are mounted rigidly to side 
walls, they are usually attached to recepta- 
cles which are similar to those shown in Fig. 2. 

Where portable lamps are required, they 
are frequently connected to the circuit by 
heavily insulated flexible cord, and are pro- 
tected by an extra heavy steel ribbon lamp 
guard, like that shown in Fig. 3. 

In the largest mining plants, the power 
required for illumination above and below 
ground rarely exceeds 20 to 25 kw., and most 
of this is used above ground in the power 
station, coal breakers, washeries, and other 
buildings. The wires in the coal breakers 
and washeries are now required to be run in 
iron conduits in the most approved manner, 
and controlled from distribution panels 
where each circuit has its individual devices 
for protection. On account of the accumula- 
tion of coal dust in the breakers, and moisture 
in the washers, all protective devices must 
be enclosed in cabinets; and keyless weather- 
proof sockets, suspended by reinforced lamp 
cord, must be used. The mine inspector 
insists that all wiring be maintained in such 
a condition that absolute reliability and 
immunity from even a temporary interrup- 
tion to the service is secured. 


Fig. 2. Wall Lamp Socket 


Where alternating current motors are used, 
they are provided with individual control- 
ling panels as shown in Fig. 4. These panels 
are designed by the General Electric Com- 
pany for motors of from 25 to 450 h.p., for 
voltages up to 2080 volts, and are made of 
blue Vermont marble, 28 in. high, 16 in. 
wide, and 1} in. thick, mounted on pipe 
frame supports, and attached to the pipes 
by malleable iron clamps. The total height 
of the panel and of the supports are 64 and 72 
in., respectively. The 72 in. supports provide 
the space necessary for mounting the com- 
pensator, when this is used for starting the 


motor. These panels are usually mounted 
as near to the motor as conditions will permit, 
and are equipped with an ammeter and oil 
switch, the latter designed to automatically 
open the circuit in case of overload or trouble 
on the line. When controlling motors of 
moderate size, the wiring to and from these 
panels consists of multiple conductor lead 
armored cable, protected by metal conduits. 
Where motors of large capacity are used, 
three separate lead armored cables are 
enclosed in a single iron conduit, the latter 
in each case being connected to ground. 


Fig. 3. Lamp Guard 


The trolley wires used for mining locomo- 
tives vary in size, depending upon the par- 
ticular haulage problem under consideration, 
and many features found desirable in trolley 
wire construction for passenger transporta- 
tion are often taken advantage of in mining 
haulage. The grooved trolley wire pos- 
sesses some advantages over the round type 
in that it provides a groove into which the 
ear may be securely clamped, making a 
neater job than a_ soldered construction, 
with less obstruction to the passage of the 
trolley wheel, and at the same time avoiding 
the ill effects of heating the wire necessary 
in the operation of soldering. The clamped 
ear may be readily removed when a change 
of location is to be made, and is interchange- 
able on Nos,.-00, 000 and 0000 wires, The 
grooved trolley wire permits a larger cross 
section of copper without increasing the 
diameter of the contact surface. A diagram 
showing how the clamping ear holds the 
grooved trolley wire is shown in Fig. 5. 

The underground trolley wires are sus- 
pended from either the roof or side walls 
of the gangways, the choice depending upon 
the nature and material of the roof and walls, 
and upon which is the more secure and con- 
venient. 

The following is an approximate estimate 
of the cost of 1,000 ft. of trolley construction 
in coal mines, including rail bonds: 
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36 single bolt roof suspensions.........$15.00 
30 straight ears for grooved wire, 
GE Cat. No. 19432... 

6 curved ears for grooved wire, $6.00 
GE Cat. No. 19433...............0.0.. 
1000 ft. of 0000 grooved trolley wire 


CGE (Jose a le. SEO 

210 ft. of 00 bond wire (85 Ib.).......... 12.00 

175 ft.channel pins,GE Cat. No. 17315 5.00 

Labor and other material............... 50.00 
Additional labor, if necessary, to 
drill rails for bonds with a hand 

Total cost per 1,000 ft $197.00 


Fig. 4. Alternating Current Motor Panel on Pipe 


Other sizes of trolley and bond wires may 
be readily substituted in the above estimate. 
The constructional details of electric cir- 
cuit wiring in subterranean workings of coal 


mines have, in common with electric wiring 
in other fields, very much improved in recent 
years, although the predominating black- 
ness, and the wet, rough, and rugged sur- 
roundings are not an incentive to the ordinary 
electrician to attempt a neat and symmet- 
rical job of wiring. 


Fig. 5. Suspension for Grooved Trolley Wire 


The essentials of every department of 
mining service—utility, safety, and a rugged 
simplicity — are usually the guiding consid- 
erations in running electric circuits in coal 
mines. 

The United States government in its 
effort to protect the miners from the gases 
of the mines, has placed certain restric- 
tions on the use of the miners open lamp in 
mines where gas is emitted in such quantities 
as to be detected in the presence of an open 
flame. In the anthracite coal region of 
Pennsylvania there are mines which, a few 
years ago, were considered as non-gaseous, 
but which, in the extensions of recent years, 
have shown such an increase in the quantity 
of gas emitted as to come within the re- 
strictive measure framed by the government 
for gaseous mines. In the discussions that 
have arisen in the enforcement of the use 
of locked safety lamps and the restrictions 
to the further extension of electric circuits 
in the working sections of these mines, the 
miners have in many cases agreed with the 
operators that the open lamp is safer than 
the safety lamp, since the open lamp enforces. 
a better ventilation, while with the use of 
the locked safety lamp, ventilation may 
be considered as not so essential. 
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CHARACTERISTICS OF ELECTRIC MOTORS* 


How the Work to be Done Determines a Motor's Continuous and Intermittent Capacity and Its Design and Rating 


By Epwin H. ANDERSON 


To perform a given amount of continuous 
work, the motor should be designed both 
electrically and mechanically for continuous 
duty, and rated on the continuous basis. Let 
us suppose that the work is driving a machine 
requiring 50 horse-power continuously, there 
being no variation in the load. The motor for 
this purpose should have a constant speed, 
capable of delivering 50 horse-power continu- 
ously, with a temperature rise which will not 
injure the materials with whichit is insulated, 
when operating under conditions of proper 
speed, voltage and ventilation. 

Let us suppose the work consists of 50 
horse-power for five minutes and 10 horse- 
power for 10 minutes; the cycle to be repeated 
every 15 minutes and the speed to be con- 
stant. The speed characteristics of the motor 
require a shunt excitation, that is, a definite 
exciting current in the field regardless of the 
load in the armature. The average load of 


the motor is: 
50 X 4 minutes = 250 horse-power minutes 
10 X 10 minutes = 100 horse-power minutes 


Total 6 venus 350 horse-power minutes 
50 
——— » 23.3 horse-power average. 


5 

This average load will not produce the 
heating that the cycle will, for the reason that 
the copper loss varies as a square of the cur- 
rent. The root mean square or equivalent 
heating will be produced by the following: 

50? x 5 minutes = 12,500 h.p. square minutes 

10? X 10 minutes= 1,000 h_p. square minutes 


Total isavencacs 13,500 h.p. square minutes 

By dividing this over 15 minutes, we get 
the average square as 900, which is 30 horse- 
power. This is the root mean square load or 
a load which will produce the same heating, if 
applied continuously, as would the intermit- 
tent work. 

Again, suppose the work is neither constant 
nor entirely intermittent. The motor must 
be designed with reference to both, and rated 
at a certain value continuously and a certain 
higher load for a given time. The specification 
of a motor for the intermittent work noted 
above would be one capable of delivering 30 
horse-power continuously with normal tem- 
perature rise, and 50 horse-power as a maxi- 
mum intermittent load. If the work to be 


done is the same as given above, except at 50 
horse-power, the revolutions per minute of 
the armature should be 500; if at 10 horse- 
power the revolutions per minute should 
be 750, and, should the load be thrown 
off and the motor allowed to run free with 
full voltage applied, the speed must not 
be over 1000 revolutions per minute. The 
motor must therefore be able to deliver 30 
horse-power continuously as before, have a 
shunt winding on the field to give a definite 
and sufficient field strength so that the speed 
will not be greater than 1000 revolutions per 
minute, have sufficient series-field turns so 
that when taking 10 horse-power of current 
the field will have sufficient excitation to 
cause the speed to be 750 and, when taking 50 
horse-power of current, will further magnetize 
the fields so as to produce a speed of 500 
revolutions per minute. 

If we suppose the work required to be 50 
horse-power for five minutes at 500 revolu- 
tions per minute and 10 horse-power for 10 
minutes at 1000 revolutions per minute, there 
being no time in which the motor runs without 
load the field may be entirely series and ad- 
justed properly for the respective loads. The 
continuous capacity will still be 30 horse- 
power as before, may be so rated, and have an 
intermittent capacity of 50 horse-power. 


Street Railway Motors 


Should the work be that required of railway 
motors under ordinary street railway con- 
ditions, there being no continuous load but a 
series of intermittent loads, the natural rating 
is the normal maximum intermittent load for 
which the motor is designed, both electrically 
and mechanically. By common usage this 
rating has become the horse-power output at 
the car axle which the motor will carry for 
one hour and not have a rise in temperature, 
as measured by thermometer, greater than 75 
degrees Centigrade. The motor is started 
cold and run on the stand. The starting or 
pulling effect at the rating is usually the 
starting effect used in accelerating the car. 

A motor of the usual direct-current series 
type may be looked upon as one which will 
deliver continuously about one-third of its 
hourly rating, or its hourly rating for one- 
third of the time, the cycle of operation being 


* Reprinted from the American Machinist, Vol. 30, No. 50 
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limited to, say, 10 or 15 minutes. The series 
characteristic which gives the high speed at 
light loads and low speed at heavy loads is 
ideal for street railway work. 


The intermittent loads of operating a car 
may be represented by the following table: 

50 horse-power for 10 seconds, accelerating 

40 horse-power for 2 seconds 

30 horse-power for 6 seconds 

20 horse-power for 20 seconds 

15 horse-power for 60 seconds 
No horse-power for 20 seconds, applying brakes 
No horse-power for 10 seconds, stopped 

128 seconds per cycle 


The average horse-power output is as fol- 
lows: 


50 * 10 « 500 
40x 2= 80 
30x 6 = 180 
20 x 20 = 400 
15x 60 = 900 


Total = 2060 horse-power seconds, 
The average horse-power over the whole 


cycle is, therefore, 
2060 


128 
The current, corresponding to the horse- 
power which will produce the same copper 
loss as in the above cycle, will be the root 
mean square as follows: 


~ 16.1 horse-power. 


50? x 10 = 2.500 
407 xX 2 3,200 
307 X 6 5,400 
207 x 20 = 8,000 
15? x 60 = 15,500 

Total = 34,600 


The root mean square for 128 seconds is 
therefore 21.1 horse-power. The motor has 
been working on a voltage and current for 98 
seconds out of the 128, or 75 per cent. of the 
time. The continuous capacity then may be 
approximately a current which corresponds 
to 21.1 horse-power (root mean square) based 
upon full voltage and an applied voltage 
which is 75 per cent. of the normal. This is 
approximate and not to be relied upon for 
accuracy. The method, however, serves to 
illustrate that there is a continuous current 
and voltage which could be applied to pro- 
duce the losses and temperature rise of the 
motors in service. This continuous capacity, 
however, does not serve to test the motor on 
its full intermittent capacity at full voltage 
and, as stated before, it has become general 
to rate the railway motor on its intermittent 
capacity of 50 horse-power. The electrical 
and mechanical design is made with reference 
to the intermittent rating. 


Characteristic Curves 

Fig. 1 shows the characteristic curves of the 
usual direct-current series motor, such as used 
on street cars, hoists, cranes, and for inter- 
mittent work generally. The applied voltage 
across the motor is 500. The values of speed 
in revolutions per minute, efficiency, torque 
at one-foot radius and horse-power output a: 
the armature shaft are shown as ordinates and 
plotted to amperes input to the motor as 
abscissas. It will be noted that the curves 
show the values in the accompanying table. 
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Amperes , Efficiency | Speed Torque HP. 
100 83 440 660 54.7 
| &5 485 493 45.5 
60 87 550 334 347 
50 &S 595 258 20.3 
40 &8 675 185 23.4 
30 87 810 110 17.4 
25 | 85 925 80 14.5 
20 83 1100 55 10.8 
15 78 1400 32 76 


The measure of magnetizing force is ampere 
turns. Ampere turns is the product of am- 
peres by the number of turns of wire around 
each field pole. When the magnetizing force 
is great, the strength of the magnetic pole 's 
great, and vice versa. The applied pressure 
or voltage across the motor is resisted by two 
counter-pressures; first, that consumed i 
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forcing the current over the copper wires, 
similar to friction in water pipes; second, a 
counter-voltage generated by the armature 
winding revolving in the magnetic field. This 
counter-voltage is proportional to the product 
of armature speed and the strength of the 
magnetic field. The torque at the armature 
shaft is proportional to the product of the 
armature turns, amperes and the strength of 
the magnetic field. 

Should the motor be running at full ‘oad 
and delivering the torque at its armature and 
this torque be reduced, the motor will increase 
in speed, raising the counter-voltage and 
allowing less voltage to be consumed in driv- 
ing the current through the windings. The 
current therefore is decreased. The decreas- 
ing of the current decreases the magnetizing 
force of the poles and in turn the strength of 
the magnetic field; this in turn requires the 
armature to run at a higher speed in order to 
generate the counter-voltage; thus the speed 
at large current input is slow and light cur- 
rent high, producing what is known as a 
series speed characteristic. With decreased 
field strength and current, the torque is re- 
duced in proportion to the product of both. 
The motor almost instantly adjusts itself to 
the torque required. 

We will assume 500 volts applied and 50 
volts used in driving a given current through 
the winding. The counter-voltage produced 
by the armature revolving in the magnetic 
field would then be 450. We will now assume 
250 volts applied for the same given current 
as above; thus 50 volts will be consumed in 
pushing the current through the windings and 
the counter-voltage produced by the armature 
will only be 200. Thus the speed at the lower 
voltage will be in a ratio of 200:450, Should 
we now assume only 50 volts impressed on 
the motor, this will all be consumed in push- 
ing the given current through the winding and 
no counter-voltage will be required. The 
motor will therefore not run but stand and 
deliver the same torque as it did under speeds 
with 250 and 500 volts applied. 

The above, while elementary in a way, 
serves to show that the torque is practically 
constant for given amperes at various speeds 
corresponding to various applied voltages 
and, furthermore, serves to show how the 
speed of a series motor is affected by the appli- 
cation of various currents and voltages. To 
perform other work more intermittent than 
the railway motors, the rating would naturally 


be on the intermittent basis for a shorter time 
say three-fourths or one-half hour, or in very 
intermittent work, such as lift or draw- 
bridges, the rating may be on a 15-minute 
basis. 

Any design must be made with special 
reference, both mechanically and electrically, 
to the maximum requirements, as well as to 
the continuous requirements, should there be 
any. Should the duty be continuous, the 
losses in the motor should be properly pro- 
portioned between the copper and the iron. 
The copper loss increases as the square of the 
current input to the motor, while the iron 
losses remain practically constant. Should 
the motor be designed for continuous opera- 
tion and be operated on an intermittent over- 
load, the copper loss becomes quite high and 
a better and cooler operating motor for inter- 
mittent work might have been made for the 
same weight and cost, In order to decrease 
the resistance of the copper circuit, a greater 
amount of steel may be used. This, however, 
naturally increases the iron losses but allows 
a lower copper loss for the same overload. 
In other words, a motor designed for inter- 
mittent work is considerably better than the 
motor designed for continuous load. <A con- 
tinuous-load motor has usually a small amount 
of iron with many turns of copper. The inter- 
mittent load motor has a large amount of iron 
with few turns of large copper. 

The preceding explanation of the design and 
rating of motors is given so that the user of 
motors may appreciate that the character of 
the work to be performed shall control the 
design; that motors designed for continuous 
dutv are not well adapted for intermittent 
work and that motors designed for intermit- 
tent work are not well suited for continuous 
load, 


Crane Motors 

We will next consider the crane motor. 
The weight to be lifted requires at the speed 
an output of 50 horse-power at the armature 
shaft. The distance to be lifted is, say, 30 
feet at 3 feet per second. The time is then 
10 seconds with load. The crane is moved 
down the shop and the weight lowered by a 
very slight use of the motor. The crane is 
then run back and the cycle repeated every 
100 seconds. The power is on 10 per cent. of 
the time, and the average load is 5 horse- 
power, The root mean square load, however, 
is 15.7 horse-power. The time that the volt- 
age is applied is 10 per cent.; thus the aver- 
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Diaw-bridge Motors 

We wit now consider a motor for draw or 
lift tridge work. Ts i:ft the bridge requires 
WD) hore-power at the motor shaft for one 
minute, the bridge to be lifted every 100 
minutes. The time for which power is on 1s 
one minute out of each 100, or 1 per cent. of 
the tire. The average power of the motor is 
4 horse-power and the average voitage applied 
1 per cent. of the normal. Obviousiy no con- 
tinuous rating at 5 horse-power (square root 
of mean square), or average 4 horse-power at 
J per cent. of the normal voltage would serve 
to test the motor. The proper test will be its 
intermittent rating of 50 horse-power on full 
voltage for a short time, say, 15 minutes. 
Obviously a motor of 50 horse-power continu- 
“us Capacity is too large; what is needed is a 
motor with as small a continuous capacity as 
consistent with efficiency but of 50 horse- 


power intermittent capacity for 15 minutes. ° 


Summary 

In the foregoing I have endeavored to show 
that the characteristics of the work to be per- 
formed determine not only the design of the 
motor, but the method of its rating. 

a. For constant and continuous capacity a 
motor should have a continuous rating only, 
with no overload of intermittent capacity. 

b. For part continuous and part intermit- 
tent work a motor should have a continuous 
capacity with a certain overload or intermit- 
tent capacity. 

c. Where variable speed is wanted, the 
motor should have a series field or a combina- 
tion of shunt and series excitation. 

d. For intermittent work, such as railway 
motors, the ficld windings should be series and 
rated on their intermittent hourly capacity. 

e. For crane and hoist motors the series 
field is required on account of speed charac- 
teristics, and the rating should be its inter- 
on capacity for a short time, say one-half 
our. 


;. For uft- or draw-briige motors the series 
field is required, and the rating should be its 
intermittent capacity for a sti: shorter time, 
say 15 minutes. 


PORTABLE VENTILATION SET 
By E. F. Drtros. 


The portable ventilat:on set. three views 
of which are shown on page 150. is designed 
to meet the requirements of the United States 
navy for temporary vent:iation of compart- 
ments which are not supplied by the ship's 
ventilation system, suck as coal bunkers. 
double bottoms. etc. The set is ordinarily 
placed in some convenient location near the 
entrance to the compartment. and the air 
delivered through a temporary hose or pipe. 
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The outfit consists of a cast shell fan 
driven by a one-quarter horse-power totally 
enclosed series motor, having a normal 
speed of 2500 r.p.m. at 125 volts. The motor 
may also be wound for 80 or 220 volts. 

The navy requirements for this set are 
425 cu. ft. of air per minute. The complete 
action of the fan is shown in Fig. 1, where 
the impact and static pressures and watts 
input are indicated for air deliveries obtained 
with outlets varying from an entirely closed 
to an unrestricted opening, these curves 
being taken with the motor running on 115, 
120 and 125 volt circuits. 

The navy specifications are prepared with 
a view to obtaining a light and compact 
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set, and in this design particular attention 
has been given to these requirements, the 
dimensions and weight being as follows: 

Length parallel to shaft, 124 in. 

Height, 163 in. 

Width, normal to shaft, with horizontal 
discharge, 16} in. 

Outside diameter of outlet, 411.16 in. 

Weight, 80 Ib. 

The general construction is shown in the 
exploded view of Fig. 2. The fan shell is 
attached to the magnet frame of the motor, 
and the complete set is supported upon a 
malleable iron tripod situated beneath the 
motor, The bolts for attaching the casing 
to the magnet frame are spaced “0° apart. 
allowing the casing to be assembled for 
horizontal or vertical discharge, as shown 
on page 150, Handles are provided for con- 
Yenience in transportation. 


AN INTERESTING APPLICATION OF 
SINGLE-PHASE MOTORS 


The accompanying cut illustrates a very 
interesting and up-to-date application of a 
General Electric single-phase motor, in con- 
nection with the manufacture of gas stoves. 

Some years ago, shortly after the advan- 
tages of the application of motors to machine 
tools had been practically demonstrated, 
a few progressive establishments initiated 
the practice, now largely im use, of machin- 
ing heavy castings tm site by bringing 
the various tools required to perform 
the successive boring, planing or grinding 
operations, to the work; and the new 
method, having been found very econo- 
mical and capable of climinating a great deal 
of delay in shifting heavy masses from 
machine to machine. with the attendant 


Fig. 2. Exploded View of Portable Ventilation Set 


The circular magnet frame is of cast steel, 
and is provided with a front end shield 
which has two openings for access to the 
commutator, these being closed by covers 
swinging horizontally and held by latches. 
Suitable protecting binding posts are to be 
supplied. The armature and fan wheel are 
carried between two ball bearings, one of 
which is located in the end shield, and the 
other at the fan inlet. 

The fan casing is of cast iron, with an open- 
ing in each side of sufficient diameter to allow 
the removal of the wheel. The wheel is of 
shect steel, the side next the armature being 
of such a diameter and shape that it acts 
as a separating plate between the fan and 
motor, 

No starting rheostat is required with this 
set. 


lining up, has extended widely {throughout 
the whole domain of machine shop practice. 

The advantages of moving the electrically - 
driven machine to the work, rather than 
the work to the machine, have now become 
sO apparent in the case of machine shop 
practice, that a general movement along 
these lines has invaded a great many other 
classes of manufacturing industry. In the 
manufacture of stoves, for instance, it is 
essential to blacken and polish them very 
carefully before they are shipped from the 
factories where they are made, both in order 
to protect the iron from rust, and to give 
them an attractive appearance to facilitate 
their sale, In most factories, until recently, 
it has been necessary to transport the stoves 
on hand trucks, one or two at a time, from 
the assembling department to the polishing 
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department, and after the polish ng was 
completed, to remove them by the same 
method to the store room. 

By means of an electrically-operated pol- 
ishing apparatus, which has been perfected 
by the Coates Clipper Manufacturing Co. 
of Worcester, Mass., manufacturers of stoves 
are now enabled to carry the polishing 


Fig. 1. Stove Polishing Apparatus Driven by 1 2 hp. 
Single-Phase General Electric Motor 


machine from point to point. and thus avoid 
a great deal of heavy handling, which is not 
only expensive, but) frequently results in 
more or less damage to the goods handled. 
Several manufacturers of was and coal stoves 
have adopted these equipments. and find 
them of the greatest utility, 

The illustration shows a } hop. single-phase 
General Eleetne motor and. starting bon. 
mounted on a speeml truck provided with 
swivelling castors. Conneeted to the motor 
is a Coates flexible shift, leather covered. 
carrving an angle head to which vanous 
brushes, suitable to the work in hand, may 
be immediately attached or removed. The 


motor is fed from the electric supply through 
a long heavily insulated flexible cord, adapted 
to the rough handling incident to its usage 
in a stove works. 

It is quite evident that outfits of thus 
character not only serve a very useful pur- 
pose in conntction with the manufacture of 
stoves, but may also be used to great advan: 
tage in stove stores for keeping the stocx 
free from dust and dirt, and for renewing 
the polish of the black portion of the stove 
as well as that of the nickel trimmings. 


THE LOCKING SOCKET 


The necessity for a special socket to protect 
customers from the petty thief who makes 
a practice of stealing lamps has led th 
General Electric Company to design a socke? 
with a locking device. 

This socket is intended for use in pubh 
buildings and similar places where lamp 
stealing is often a great nuisance. 

The design of this socket is such that im 
order to insert or remove a lamp from the 
socket it is necessary to turn a key in thie 
locking device. When the lamp is in position 
it swivels freely, and cannot be taken out 
except by locking the socket with the special 
key, thus clamping the screw shell and pre: 
venting it from turning. It may be worthy oF 
mention that this feature is contrary to cus: 
tom, since it is necessary to unlock the de: 
vice in order to make it proof against thieves 


Or 


Fig. 1. Locking Lamp Socket and Key 


The socket and the locking key are shows 
in the acconpanyving cut and it should be 
noted that the locking feature has bees 
introduced without in any way detracting 
from the neat appearance of the standari 
sovket- 
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GAS POWER* 


By H. H. SuPLee 
Editor of Cassier's Magazine 


It is not my intention to talk about the 
gas engine from the beginning, or to describe 
the details of construction, or go into the 
elementary matters in connection with it. 
I think most of you are familiar with those 
points. What I shall try to talk to you about 
is the important transformation which has 
been going on during the past ten years in 


from vapor back to water again) would be an 
efficient medium for the conversion of heat 
into power, and Professor Rankine clearly 
defined the theoretical possibilities of the air 
engine many years ago. The _ practical 
obstacle to its use lies in the fact that it is 
very difficult to heat a large body of air from 
the exterior. It was not until the gas engine 


Later Type of Blowing Gas Engine as Built by The John Cockerill Works, Seraing, Belgium 


the generation of power by the use of gas 
engines of large size, in power plants for 
which the gas engine was formerly con- 
sidered altogether inadequate. 

It was long ago recognized that an air en- 
gine. as it was then called, using air or some 
fixed gas (a gas which does not change its 
state as steam does, from water to vapor and 


* Lecture before the Schenectady Section. A.L.E.E, February 
6, 1908. 


became extensively used, burning its fuel 
in gaseous form within the body of air, that 
the air engine was shown to be a commercial 
possibility. The gus engine is really an air 
engine in which the fuel is burned in the 
midst of the air instead of being consumed 
on the outside and heat conducted through 
the walls of the chamber. 
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The early gas engines of small size, using 
city gas and driving printing presses, etc. 
were used only because they were conven- 
ient. The high cost of the fuel made them 
expensive, but they were convenient because 
they could be started and stopped instan- 
taneously, and cost money only while run- 
ning, and thus had certain advantages. 

About fifteen vears ago a brilliant idea 
occurred to Mr, B, H, Thwaite, of London. 
This was, that in the combustion of coke in 
a blast furnace for the manufacture of pig 
iron, there are produced large volumes of 


attention to this fact, and soon after he made 
some experiments in Scotland with a smal 
gas engine fed by blast furnace gas, and founé 
that it worked very well. Almost at once 
builders of heavy machinery, particularly 
those interested in iron works and _ iron 
manufacture, began to consider the poss: 
bility of use of gas engines, at first for blowing 
the blast to the furnaces and then for the 
generation of power to drive the machinery 
About the time that this was being con- 
sidered, the Paris international exposition 
of 1900 was held, and among the mechanica! 


1,000 Kw. Cockerill Blowing Engine. 


gas suitable to be used in the cylinder of the 
gas engine. There is thus here a tremendous 
amount of cheap fuel all ready for use, and 
at once engineers hegan to consider the 
possibility of using that fuel in the gas en- 
gine. <A portion of this gas had been burned 
under the boilers to supply steam for the 
engines, and some was used in heating the 
air blast, but a large portion of it was wasted. 
This discovery proved to be the inducement 
to build large gas engines. In IS4, Mr. 
Thwaite published a short statement calling 


Exhibited at the Paris Exposition in 1900 


exhibits there shown was one attracting the 
attention of evervone interested in mechan- 
ical matters. Up to that time the largest 
gas engine in service was about 250 h-p., and 
this was considered a very large one. 

In IS98, Mr. Dugald Clerk, one of the 
leading experts in gas engine design, and the 
inventor of an important type of gas engine. 
made a prediction. He said “There is little 
doubt that in ten vears gas engines of 1000 
h.p. will be as common as engines of 100 h.p 
are now,’’ Mr. Clerk’s ten years have e%- 
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16-2000 Kw. Gas Engines in the Power Plant of the Lackawanna Steel Co. 
Built by the De La Vergne Machine Co., New York 


8-1000 Kw. Gas Engines in the Power Plant of the Lackawanna Steel Co. 
Built by the De La Vergne Machine Co., New York 
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pired and gas engines up to 4000 h.p. are in 
use, and his prediction has been abundantly 
fulfilled. 

At Paris in 1900 there was one gas engine 
of 1000 h.p. exhibited by the John Cockerill 
Works of Liége, in Belgium. This was built 
for a blast furnace blowing engine. I hap- 
pened to be in Paris in the spring of that year, 
and went to the exposition, and saw this 
engine and admired it exceedingly. I was 


called away from Paris, and two months 
There was a large sign 


later went back. 


have been installing gas engines more and 
dropping off more steam engines. To-day 
the estimated power output in that works is 
twenty-four million kw. hours, all produced 
by gas-power from gas taken directly from 
tops of their blast furnaces. That gives vou 
an idea of the advance that has been made. 
In this country the first attempt was made 
by the Lackawanna Works when they moved 
from Scranton to Buffalo, and they naturally 
had some difficulties to face. They are run- 
ning to-day a plant consisting of 16 blowing 


1700 H.P. Gas Engine for Driving Electric Generator. Built by the William Tod Co,, 
Youngstown, Ohio, for the Carnegie Steel Co. 


hung over this engine stating that this 
machine had been sold 95 times. They had 
taken orders for 5 of these machines by 
showing one, Some time afterward I saw the 
mate to it driving a blowing engine at the 
Cockerill Works. It was running beautifully 
and giving excellent service. In another 
room was a 200 h.p. gas engine belted to a 
dynamo, and furnishing power for service 
in the works. That was in 1900, and at that 
time all the rest of the power was furnished 
by steam engines. Each vear since then they 


engines of 2000 h.p. each, and one of 8 electric 
units of 1000 h.p, each of General Electric 
make. 

The U.S. Steel Corporation is now havinga 
large number of gas engines built for use in its 
plants and at its new Gary plant. The West- 
inghouse Machine Co, has built two 3000 h_p. 
blowing engines for the Edgar Thomson Works. 

Coal is a natural source of energy, but our 
supply of it is limited and we have been using 
it at a wasteful rate. Broadly speaking, a 
gas engine will produce a horse-power with 
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about one-half the amount of coal required 
for the steam engine; that is, the coal supply 
of the world, if used in the generation of 
power, would either produce twice as much 
or last twice as long if used with the gas 
engine rather than the steam engine. Coal 
can be burned in the gas producer and the 
gas used in the gas engine with twice the 
efficiency obtained in burning it under a 
boiler. Furthermore, an advantage of gas 
power lies in the possibility of the utilization 
of the fuels of low grade which cannot be 
used so successfully under the steam boiler. 


that of the steam engine. The vertical type 
of machine works well with city gas, and in 
places where natural gas is available. The 
gas is clean, and this type works well; but 
there is a certain amount of dirt and dust in 
blast furnace gas, and this sometimes gets 
into the machine and causes trouble. The 
blast furnaces in Belgium, where the first 
engines were built, produced a fairly clean 
gas and there was little trouble experienced. 
When similar engines went to different parts 
of Europe, and were installed in works pro- 
ducing dirty gas, the dust and dirt soon gave 


500 H. P. Gas Engine Built by the Sargent Engine Co., Driving 
300 Kw. Direct Current Generator 


Lignites, peats, bone coal. soft coal, coals 
having a large proportion of impurities. such 
as sulphur and ash, all these are capable of 
being used to good advantage in the gas 
producer; so that in the efforts for the con- 
servation of our supply of natural energy, 
the gas engine is going to be an important 
element. The importance of this will be 
realized when it is understood that the 
national government has taken up the matter 
of preserving our natural resources, endeavor- 
ing to check the enormous waste of our 
natural sources of wealth, including the 
question of the waste of fuel, 

Although the gas engine is still in its in- 
fancy, the heat etheiency is practically double 


trouble. Then it began to be realized that 
something more must be done, and a good 
deal of the seven vears’ experience has been 
devoted to the cleaning of gas. To-dav, how- 
ever, there are a number of devices by which 
the gas may be satisfactorily cleaned; but 
no matter how well the yas is cleaned the 
dust will accumulate upon the top of the 
piston in a vertical engine. With the hori- 
zontal type it will generally blow out without 
doing serious harm. 

In the gas turbine the turbine part ts 
practically the same as the steam turbine. 
The gas has to be produced continuously and 
delivered against the buckets or blades of 
the wheel in the same manner as steam in the 
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1200 H. P. Nurnberg Double-Acting Single Tandem Gas Engine Driving 825 Kw. 
Three Phase Alternator at Powell Duffryn Coal Co, 


Blast Furnace Gas Engine Built by the Gas Motoren Fabrik, Nurnberg 
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steam turbine. That means ordinarily that 
the fuel has to be burned in a closed chamber 
under pressure continuously, maintaining 
combustion at constant pressure. Air has 
to be blown through a nozzle and mingled 
with the gas under pressure, and the gases 
produced by the combustion discharged upon 
the blades of the wheel. This means the ac- 
complishment of two very difficult things. In 
the first place, air must be supplied under 
pressure continuously and efficiently ; and sec- 
ondly, very high temperatures have to be dealt 
with. Some good experimental work has 
been done and more will follow, and I should 
not be surprised if the gas turbine should ul- 
timately become an important prime mover 


Among them will be seen the large gas 
engine built by the John Cockerill Works at 
Seraing, near Liége, in Belgium. This is the 
engine which was shown at the Paris Ex- 
hibition of 1900 and to which I have already 
referred. It was designed for operation with 
blast-furnace gas, but at the Exposition it was 
run for a short time each day with city gas. 
It is shown directly connected to the blowing 
cylinder for supplying air to the blast furnace 
and it developed 600 h.p. with furnace gas, 
or about 1000 h.p. with city gas. Shortly 
after the Paris Exposition I visited Liége 
and saw a similar engine to this in continuous 
operation supplying blast for the furnaces 
there. This is the first gas engine, to my 


Diagram Showing the Possible Utilization of a Ton of Coal in the Coke Oven, 
Blast Furnace and Gas Engine 


as well as the reciprocating engine, each in 
its place. There is room for each, but in 
many cases the advantages of continuous ro- 
tary motion will outweigh any deficiency in 
economy, and it is possible that we may im- 
prove the gas turbine and get a higher power 
for weight and volume than with the recipro- 
cating engine. 

The illustrations cover only a portion of 
the work which has been done in late years, 
but they will serve to show the extent to 
which the large gas engine has been de- 
veloped during the past seven or eight 
years. 


knowledge, which attained 1000 h.p., and I 
believe the companion engine is still in oper- 
ation at the Cockerill Works. 

A later design of blowing engine of the 
same company is also shown, the principal 
modification in these engines having been in 
mechanical details, such as provision for 
more effective cooling by water circulation, 
and by the introduction of arrangements to 
provide for the expansion and contraction 
strains. 

In engines of this sort the power varies ac- 
cording to the richness of the gas but not to 
such an extent as might be imagined since 
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it is the heating value of the mixture of air 
and gas which is put into the cylinder which 
determines the power and not the calorific 
value of the gas itself. With a rich gas a 


The "Smoke Jack" 
The First Gas Turbine 


greater proportion of air is used, while with 
a lean gas a greater quantity of gas in pro- 
portion to air is put into the mixture. Asa 
matter of fact, the heating value of illum- 
inating gas or natural yas is six or seven 
times that of blast furnace gas, while the 
difference in power in the engine, using the 
different gases will vary only about 40 to 50 
per cent. 


thus are enabled to make one power stroke 
every revolution. 

Among the other American gas engines of 
large size illustrated will be seen aset of 1700 h_p. 
engines of the four-cylinder, double-acting 
type, in course of erection in the shops of the 
Wilham Tod Company of Youngstown, Ohio. 
built for the United States Steel Corporation 
and also a 500 h.p. Sargent gas engine, belted 
to a 300 kilowatt, direct current generator 
in the Works of the Wellman-Seaver-Morgan 
Company, at Cleveland, Ohio. 

There is also shown a view of the large 
plant of the California Gas and Electric Power 
Company at San Francisco containing four 
sets of twin tandem gas engines, each pair 
developing 2500 kilowatts. These engines 
were built by the Snow Steam Pump Company 
of Buffalo. 

Other views show German engines built 
by the Nurnberg Works, the details being 
given under the illustrations. 

A special form of German engine illustrated 
is that of the Oechelhauser tvpe, this being 
especially designed for blast furnace gas 
In these engines the cylinder is open at both 
ends and contains a pair of pistons, the gas 
being run between them and forcing them 
apart at each stroke. This involves a double 
set of cranks. but it simplifies the valve con- 
struction, and this design has been exten- 


Combustion Gas Turbine 


A.—Combustion Chamber, 


B.—Fuel Inlet. C.—Fuel Sprayer, 


E.—Expansion Nozzle. F.—Turbine, 


Among the illustrations also will be seen 
the views of the plant of the Lackawanna 
Steel Company, near Buffalo, these being 
Koerting engines of the two-cycle, horizontal 
type. In one room there are sixteen engines 
of 2000 h.p. each, driving blowing cylinders, 
and in the other there are cight engines of 
1000 h.p. each, direct connected to electric 
generators. These engines are provided with 
separate pumps for the air and the gas and 


sively used in Germany in connection with 
the development of power from furnace gas 

An interesting diagram is that prepared 
by M. Leon Greiner, of the Cockerill Works for 
illustrating the power to be obtained froma ton 
of coal, The coalis first delivered to the coke 
oven, from which, in addition to the coke 
and the chemical by-products, a surplus of 
valuable power gas is obtained, capable of 
producing 135 h.p. for every ton of coal coked- 
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The gases discharged from the blast furnace 
are used, a portion for heating the blast, and 
a portion for driving the blowing engines and 
machinery of the furnace, this requiring gas 
equivalent to 225 h.p. for each ton of coal 
burned. The balance of the gas from the 
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was not great, but since it replaced the labors 
of the turnspit dog formerly employed, we 
must admit that it was at least one “dog- 
power.” 

An early form of gas or hot-air turbine is 
that of Stolze, this consisting of two turbines 


General Arrangement of Explosion Gas Turbine 


blast furnace is capable of producing 600 h.p. 
available for sale, so that by taking advantage 
of all the possible opportunities for the saving 
of fuel, there is developed 735 h.p., over and 
above what is needed for the operation of the 
furnace. 

Probably the oldest form of gas turbine 
is the old-fashioned “smoke jack.”’ of which 
an illustration is shown, taken from Bishop 
Wilkin’s “ Mathematical Magic”’ dated 1680, 


on one shaft, one acting as an air compressor, 
and the other as a power turbine, that air 
being forced through a heating chamber 
between the two wheels, but this machine, 
although operative, has not been commer- 
cially developed. Other designs for gas tur- 
bines are shown in the diagrams, one inter- 
esting form being the explosion turbine. 
This consists of a combustion chamber, 
one end of which is closed by a large valve 


Fig. 6. Mixed Gas and Steam Turbine 


Air enters at D, fuel at F, the ignition is made atG. The combustion chamber Ais lined 
with carborundum. The nozzle H is water-jacketed, and the hot water passes to 
the steam generator L, which is heated by the exhaust gases from the turbine. The 


steam acts to propel and cool the wheel by the nozzle M 


although such a machine was described by 
Cardan as long ago as 1550. The propeller 
wheel in the chimney was caused to revolve 
by the ascending current of hot gases from 
the fire, and the motion was transmitted by 
gearing and belting to the spit on which the 
joint of meat was carried before the fire. The 
amount of power developed by such a machine 


opening inward, this valve having the small 
openings for the gas in the face of the valve- 
seat. It is a well-known fact that when a 
mixture of gas and air is exploded there is 
first a sudden expansion, followed by the 
formation of a partial vacuum, due to the 
combination of the hydrogen and oxygen 
to form water. This fact was utilized in the 
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old Otto & Langen gas engine under a piston, 
and is here applied in a combustion chamber. 
The mixture is ignited by the electric spark, 
and the explosion discharged against the 
blades of the turbine wheel. The formation 
of the vacuum draws in another charge which 
is ignited and the operation is repeated. Such 
an apparatus has made 60 to SO explosions 
per second, and gives practically a continuous 
discharge upon the wheel. So far this appa- 


nozzle as steam to cool the gases. The 
exhaust gases are also delivered over the 
pipes of a coil boiler and the steam thus pro- 
duced delivered upon the same wheel. These 
principles are used in the gas turbine of 
Armengaud and Lemale, and an illustration 
of such a machine of 300 h.p. is shown as 
erected in the experimental shops of the 
Société des Turbomoteurs at Paris. M. 
Rateau, the well-known designer of the 


The Armengaud and Lemale Gas Turbine, Showing Combustion Chamber, 
With Air and Fuel Connections 


ratus has not been developed, and its cth- 
ciency is very low, but it has possibilities. 

In the case of the pressure gas-turbine the 
air and gas are delivered under pressure to a 
combustion chamber, where a continuous 
combustion is maintained, the products being 
discharged upon the buckets of a_ turbine 
wheel. In practice such a chamber is lined 
with carborundum, backed with an clastic 
filling of asbestos, the nozzle beiny made 
of carborundum also. The chamber is water- 
jacketed, and the water discharged into the 


steam turbine which bears his name, has 
designed a rotary turbine compressor for use 
with this machine, which gives an efficiency 
of 65 per cent., and tests and studies of this 
machine are now under progress in France. 

Thus we see what has been accomplished 
in the generation of power from gas since 
Mr. Clerk made his prophecy in 1898, The 
power of blast-furnace gases is being utilized, 
the gas turbine is well on its way, and the 
fuel cost of the steam engine has been cut in 
two. 
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I do not wish to encourage invidious com- 
parisions between the cost of power from 
steam engines and gas engines. Both motors 
have their place, and gas power is not going 
to drive out steam any more than electric 
lighting drove out gas lighting. More im- 
portant than mechanical details in the de- 
velopment of gas power is the development 
of the commercial side of the industry. 
Selling power is a very different business 
from the selling of pig iron, and iron manu- 
facturers may find all the value of the power 
produced from their waste furnace gases 
consumed in marketing it. Probably the 
solution of this portion of the problem will 
be found in the development of selling com- 
panies, taking the power from the iron works 
in quantity, and attending to the distribution 
and general details of the business inde- 
pendently. It is often said that it costs as 
much to market a product as to make it, and 


probably gas power is no exception to this rule. 

The gas engine has passed the stage when 
it was considered as a small affair for the 
operation of printing presses, laundry ma- 
chinery and the like, and it has become an 
important type of prime mover for many 
purposes. The power house engineer will 
find it of continually increasing importance 
in many departments of his work, and even 
for the driving of electric machinery, such 
as alternators in parallel, and similar ex- 
acting work, it will be found capable of hold- 
ing its own with the best modern forms of 
steam engine. Its progress during the next 
ten years cannot be predicted, but a motor 
which now drives practically all our auto- 
mobiles, which is making the aeroplane a 
possibility, and yet which has risen in cap- 
acity from 250 to 4000 h.p. within ten years 
past cannot fail to have future possibilities 
worthy of consideration. 
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Part II 
By Henry W. DARLING 


TREASURER OF THE GENERAL ELectric COMPANY 


Reserves 


Let me now touch upon the subject of 
reserves. Those responsible for the National 
bank system evidently thought, that in au- 
thorizing the establishment of small banks 
in country districts, the management would 
probably devolve upon men untrained and in- 
experienced in the science of banking; and as 
some sort of safeguard, they provided in 
advance for the maintenance of a certain 
fixed percentage of reserve, in lawful money 
of their total deposits. 


Certain cities, usually one in each state, 
were appointed as “central reserve cities,” 
and all National banks in these cities are 
required to hold in lawful money twenty-five 
per cent. of their total deposits. Other cities 
were called simply “reserve cities,’’ and the 
banks therein must also maintain a reserve 
of twenty-five per cent., but of this one-half 
may be on deposit in a bank in a central 
reserve city. Banks in smaller places are 
required to maintain a reserve of fifteen per 
cent., of which three-fifths, or nine per cent. 


may be on deposit in a bank in a reserve city 
or in a central reserve city. 

There is a weakness here which should be 
pointed out, and which has been the subject 
of comment: Under this reserve system, 
deposits of $10,000,000 in non-reserve city 
banks would call for a reserve in lawful money 
in their vaults of six per cent., or $600,000. 
They could carry and count as reserve 
$900,000 on deposit with reserve city banks, 
which would make up the fifteen per cent. 

These reserve city banks would be required 
to have only $112,500 cash, and might deposit 
an equal amount of $112,500 in central reserve 
cities, who in turn would hold twenty-five 
per cent. of this on hand, or $28,125 in cash. 
Thus, the country bank keeps but six per cent. 
in cash, and of the reserve deposits of the 
country banks the city bank keeps but 1.4 
per cent. in cash. There is therefore but 
7.4 per cent. cash, or $740,625 unloaned any- 
where against this deposit of $10,000,000 in 
country banks. If for any reason there should 
be a drain, or a reduction of $150,000 in the 
deposits of the country banks out of $10,000- 
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000,—1. e., only 14 per cent.—it would call for 
more cash orreserve moneythan is kept on hand 
for the whole $10,000,000 in reserve banks. 

Under such a condition of affairs it is easy 
to understand how a crisis can assume the 
phase of a bank panic. 

The system of a bond secured circulation 
offers no help in any sudden call for deposits. 
The bills cannot be got quickly, and the 
purchase of bonds for their security requires 
as much money as they furnish. The prin- 
ciple of adequate reserves in banking is 
fundamental, but wholly unscientific when 
a rigid regulation by law is attempted, and 
the various amendments to the law which 
have been suggested are unlikely to improve 
matters. 

It must be manifest that different classes 
of deposits require larger or smaller propor- 
tions of reserves. Moreover, the character 
of the loans in which the bulk of the deposits 
is invested, their maturities, and the security 
upon which they are based, have a most 
important bearing upon the subject. Of 
what avail is an extra 5 or 6 per cent. of 
reserve if the bulk of the deposits are in- 
vested in a fixed or semi-fixed form and not 
readily available? Banking is just as much 
a science as navigation or surgery, and the 
man who will excel in either must undergo 
the necessary training and study and have 
wide experience. Caution and _ vigilance, 
foresight, and the most thoughtful study of 
conditions, together with an intimate knowl- 
edge of the circumstances of depositors and 
borrowers, will alone keep the bank safe. It 
is in times of stress and panic that these 
matters are severely tested. The prudent 
banker must always be prepared for the un- 
reasoning demand of an alarmed and panic- 
stricken community. 

The questions of reserves and circulation 
are closely allied, and are now the subject of 
keen discussion by legislators, bankers and 
business men. The resort to an emergency 
currency to be issued by the secretary of the 
treasury is more likely to increase than to 
allay the want of confidence. 

This proposed emergency currency based 
on municipal and approved railroad bonds, 
is to be heavily taxed to insure its speedy 
retirement when the exigency has passed; 
but how can the issuing bank which has to 
pay the tax control its disposition or compel 
its return? It is in the hands of the public, 
which has no interest in it or in the bank of 


issue, and is entirely indifferent as to what 
bills it uses or hoards, and all the issuing bank 
can do is to wait for the return of this currency 
and refuse to reissue it. 

It is a question whether the attempt to fix 
a proper proportion of reserves to be main- 
tained by law, irrespective of the character 
of the deposits and of the loans of the bank. 
does more harm than good. It may have 
served a useful purpose in years that are past, 
but in the older states and in the large cities, 
we have a body of trained and experienced 
bankers, many of great eminence, to whom 
such legislative enactments are neither useful 
nor restrictive. They must be disregarded in 
times of stress, because that is precisely what 
reserves are for, and when business is dull and 
money is a drug, the law is of no account. 

Returning for a moment to the question 
of a bond secured circulation, it is not difficult 
to predict that before many years it will be 
entirely abolished, displaced by a system 
more scientific and perfectly safe. 

The National banks have now been in 
existence for a long enough time, and have 
come through such periods of prosperity and 
panic that something very positive can be 
affirmed as to their stability as a whole. 

I do not see any good reason why they 
should not be organized into State associa- 
tions, and mutually guarantee the circulation 
of each and every National bank in the state, 
by depositing with the treasurer of the United 
States a percentage, say five, or six, or seven 
per cent. of the average monthly circulation 
of each bank, based upon the previous six 
months; and let this fund, still remaining the 
individual property of the contributing bank. 
be available to make up any loss sustained 
by the insufficiency of assets of a failed bank 
to provide for its circulation. 

The state association would establish 4 
redemption city in every state in the union— 
preferably another national bank-—where 
the bills issued by the banks in the State of 
New York, for example, would be daily re- 
deemed in legal tender and swiftly returned 
for redemption to the issuing bank. By this 
daily system of redemption it would be 
impossible to keep afloat more money than 
is actually required for the wants of com- 
merce, and therefore it would be perfectly 
safe to allow each National bank to issue tts 
own bills up to the full amount of its paid up 
and unimpaired capital. The percentage of 
the guarantee fund would necessarily vary 
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in the different states. It could be made even 
larger than seven per cent. at the outset, 
until experience had established a_ safe 
minimum rate. 

One of the advantages of this mutual 
guarantee would be the interest taken in one 
another by all the banks in each state. No 
bank should be allowed to do business with 
a smaller capital paid up than $200,000 or 
$300,000; and in place of small struggling 
banks, in sparsely settled communities, with 
too limited business to enable them to pay 
adequate compensation to trained managers, 
we would expect to see branches of the banks 
with large capital and resources, the opera- 
tions of which would be directed from their 
headquarters. This was originally the Scotch 
system, and is now the British system and in 
successful operation in England, India, Can- 
ada, Australia and in all the British Colonies. 
* It has many advantages, not the least of 
which is the school that is thus established 
by each large bank for the training of officers, 
by transferring them from branch to branch 
in various capacities. In this way they be- 
come heir to the accumulated traditions which 
are the result of generations of experience. 

The theory that deposits gathered up in 
one locality must necessarily be loaned in that 
community, irrespective of the character of 
the business done therein, has long been 
exploded, and yet it was seriously repeated, 
and branch banking damned with faint praise, 
in the report of the commission on banks 
recently appointed. 


The Importation of Gold 


“France once accommodated America with 
gold at a time when the exchange relations 
between the two countries did not justify a 
movement of the metal to this side. When 
the exchange relations between the two 
countries do not justify a movement of metal 
how does one country accommodate another 


** But after all is said, the probability is that 
America will have to worry along without 
getting sixty million dollars from Baris, and 
there is the even less consoling reflection that 
the nominal engagements, made everywhere 
since the present import movement began a 
month ago, must be scaled down very ‘niterally 7 
if one is to avoid having an altogether ex- 
aggerated idea of the amount of the metal that 
is now headed towards thiscountry. Nominal- 
ly the announced engagements have reached 
a total of about $98,000,000; actually they are 
probably a little more than $75,000,000." 

Regarding the above paragraphs, clipped from a 
newspaper, should America obtain a large sum of 
money from Paris, upon what securities would the money 


be transferred to America? Would the actual bullion be 
traneferred, and if so, upon what security? 


As a matter of fact, the exports of the 
country were enormous this fall. In the 
ordinary course of affairs we would have 
adjusted the balance between imports and 
exports by what we call bills of exchange. 

These bills are dealt in by bankers and 
brokers just like any other commodity, and 
the rate fluctuates according as the balance isin 
favor of this continent or the other. This is 
not invariably the case, as the market is some- 
times influenced by other considerations. 

There is no truth in the statement that 
the gold recently imported was borrowed. 
The trade conditions gave the tendency to 
an inflow of gold to America, and the premium 
on our currency made it possible and profit- 
able. Taking November and December 
together, the exports amounted to the enor- 
mous aggregate of $411,653,000, and the net 
export balance reached $208,821,966. France 
accommodated America by making a price 
upon her surplus stock of gold that attracted 
the buyers. Had France felt too poor to 
spare it she would have put up the price. The 
Bank of France would have entered the mar- 
ket and paid a price high enough to keep the 
gold in the country. The actual bullion was 
bought and paid for. It might have been in 
bars or in coin. In all probability it was 
both. Gold is bought and sold like any other 
commodity. 


How is gold transferred into currency ? 


Gold is the best currency. If a bank can 
get gold it needs nothing more. It was found 
more convenient during the panic to import 
gold than to purchase Government bonds as 
a basis for obtaining national bank currency. 


Clearing Houses 


What is the practical operation of the National Bank 
Clearing House ? 


The Clearing House is simply a voluntary 
association of the banks of a city, established 
for the promotion of their interests, and 
for mutual protection. They adopt certain 
rules or by-laws for the conduct of their 
business and agree with one another, under 
penalties for violation, to abide by them. 
One important function that the Clearing 
House facilitates is the adjustment of bal- 
ances between its various members. Each 
day each bank presents the cheques received 
the previous day against its fellow members, 
and in turn it is presented with the cheques 
drawn against it, negotiated by all the others, 
and the balance is adjusted in favor of or 
against each bank in legal tender. At the 
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close of the transactions for the day the total 
debits and credits will just offset one another, 
the Clearing House being merely the medium 
of settlement. The total volume of business 
as tabulated from day to day forms a useful 
barometer as to the relative activity of 
financial transactions. During a panic or 
monetary crisis the Clearing House banks 
stand by one another on the theory that a 
failure must affect them all more or less. 
As in the so-called ‘ Morse-Thomas” chain 
of banks, a demand upon the part of the 
Clearing House committee of management 
for a member bank to purge itself of a dan- 
gerous element in its directorate or officials, 
must have instant attention, or its death 
knell will have rung. Disregard of proper 
safeguards or practices, which is contrary 
to the principles of sound banking, when 
brought to the notice of the governing board, 
results in the immediate disciplining of the 
offending member, and the proper remedy 
must be applied, or the bank's existence will 
be imperiled. 

On the other hand, a member bank which 
is unable, through stress of circumstances, to 
settle the balance against it in legal tender, 
may deposit satisfactory securities from its 
treasury assets with the appropriate com- 
mittee and obtain from this committee a 
certificate which is received as the equivalent 
of the legal tender. This certificate is in 
turn received by some other bank to whom 
legal tender for the balance due it is not 
essential. Thus the strong help the weak, 
and in the presence of a common danger they 
stand together. In some cities these Clearing 
House certificates were issued in small denom- 
inations, and were used as, and served all 
the purposes of ordinary bank notes, thus 
performing the functions of “emergency 
currency."" The necessity for their use hav- 
ing now passed, they have been almost wholly 
retired, and so far neither loss nor trouble 
therefrom has been reported. 

What is the process from special government action to 
relieve stringency to the point of actual currency relief? 
The Treasurer of the United States is a self- 

contained banker. His receipts from cus- 
toms, duties, etc., which as before remarked, 
are payable in a special form of currency, are 
withdrawn from circulation and hoarded in 
the treasury. These payments are usually 
heaviest when there are the largest demands 
for currency for other purposes; and this results 
in stringency and an increase in rates of 


interest to borrowers, because of the lack of 
elasticity in the system. The banks have 
alwavs complained of this withdrawal of 
currency just when it is most needed, as an 
unwarranted interference with the ordinary 
business of the country, causing inconven- 
ience by the fluctuations in the value of 
money. The secretary of the treasury is not 
bound to make a deposit of any of this money 
in the National Banks although he may 
do so at his discretion. During the re- 
cent panic he used this privilege liberally, 
and even stretched his authority by issuing 
treasury notes and Panama bonds as a basis 
for bank circulation in the hope that public 
alarm might be allayed, and that a normal 
condition of financial affairs might be re- 
stored. For this action he is now being 
severely criticized. 


Money and Rates of Interest Thereon 


“Yesterday renewals were made at 7%, 
against a rate of 99% charged on Monday, and 
in the afternoon a supply of funds was offered 
at 3%, even this low rate failing for a time to 
attract borrowers.” 


When a statement is made as above, for what period 
does the interest apply, the interest being one morning 
at 9% and in the afternoon dropping to3% ? What influx 
in bullion or accepted securities can account for such a 
drop in the rate ofinterest, assuming that market opera- 
tions are on a rational basis ? 


Money is a commodity like anything else. 
There is a market for money, and there are 
brokers who deal exclusively in money. 
There are usually plenty of borrowers. Banks 
and financial institutions have what they call 
surplus money to loan from day to day. The 
rate is governed by the law of supply and 
demand. 

In the morning it may appear as if there 
were a large demand for money and as if 
loanable funds would be scarce. As the day 
passes, the demand slackens or the supply 
becomes plentiful, or it may be just the 
opposite, and the rates fluctuate accordingly. 

The term of the loan for such funds is until 
noon of the following day, and assuming that 
the collateral and the rate are satisfactory. 
the loan may be continued from day to day. 
If there has been a great change in the value 
of money, either up or down, the banker may 
hear of it in the first instance from the bor- 
rower, who fixes the rate high enough to 
insure his keeping the loan if he is needy, and 
must have it, or down to the lowest rate that 
he knows he can get the money for elsewhere. 
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THE ELECTRIC MOTOR IN THE SILK INDUSTRY 
By ANDREW Kinp, Jr. 


It is only within the last few years that silk 
manufacturers in this country have realized 
the many advantages of installing electric 
motors in their mills. The system of trans- 
mitting power from the engine room by a 
belt or ropes to line shafting in the mill, the 
running of belts through ceilings to operate 
machinery on the floor above, and the con- 
veving of power by means of shafting, belts 
or ropes from one building to another. is no 
longer considered by manufacturers who are 
contemplating the erection of a new mill or 
an addition to an old one, 


The old system of long line shaft drive, 
running the full length of the weaving room, 
and counter shafts driven from this main line 
shaft, as shown in Fig, 2, is a very inefficient 
means of transmitting power. One striking 
example of the extravagance of this system 
was recently called to the writer’s attention, 
In an old mill an engine of 100 hep. capacity 
was delivering power to looms and necessary 
preparatory machines. All looms and ma- 
chines were stopped, and it was found that 
42h p. Was lost in transmisston. This repre- 
sents What is ordinarily termed “friction 


Fig. 1. Silk Warper Driven by General Electric KG 3.4 H. P. Motor 


While the cost of power is a small part of 
the total cost of finished silk, vet, with com- 
petition keen, the enterprising manufacturer 
will grasp every opportunity to reduce the 
cost per vard of his manufactured article, 
and the electric motor has assisted him 
materially in this respect, 

The three methods of driving are: 

Mechanically, by line shafting, belts or 
TOPS; 

Electrically, by grouping looms or prepar- 
atory machines under one motor; and, 

Electrically, by an individual motor for 
each machine, particularly looms. 


load.’ and as the power required to dnve 
simply the shafting. belting and loose pulleys 
on the machines, When the machines them- 
selves ure idle, It is the friction load under 
this condition, but under this condition only, 
for as soon as the belts are shifted to the tight 
pulleys and the machines are placed in opera- 
tion, this friction load ts undoubted|y greatly 
increased. No method has as vet been de- 
vised to determine accurately the extent of 
this increase in the friction, but the fact 
remains and should never be lost sight of, 
that the friction load under operating condi- 
tions is greater than when the machinery is 
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idle; and it is the power necessary to over- 
come this increased friction load that must 
be paid for by the manufacturer, and for 
which he receives no return. This loss grad- 
ually becomes worse as the belts stretch, 
shafts and pulleys become more and more 
out of alignment and the bearings wear. 
In this system the maintenance items, such 
as cost of attendance, care and renewals of 
belts, oil, ete., are to be seriously considered. 
Then there is the liability of an accident to 
the shafting causing the whole, or a part 
of the mill to go out of commission, which 
accident would show up materially in the 


indispensible. However, inasmuch as the 
conditions in a silk mill demand constant 
speed a httle consideration will show that the 
alternating current motor offers marked 
advantages. 

If direct current is used, provision must be 
made to take care of the speed changes, which 
cannot be eliminated in the design of the 
motor, The reason for the variation in speed 
is that when the motor is started up, the field 
windings are cold and, consequently, their 
resistance is low, allowing an excess of current 
to flow through them. This excess of current 
tends to keep down the speed. and as the 


ie Rapyrran? y sand ° 


Fig. 2. Weaving Shed, Driven by Line Shafting and Belting, Showing 
Complication of Belts 


total output of tinished product for the day 
or the week, depending upon the amount of 
repairs necessary. 

There is also the ever-present danger of 
dripping oil falling upon the raw material or 
the finished product, 

In the motor-driven mil). the first thing to 
be considered is whether the current is to be 
direct or alternating. 

Under some conditions Where the electric 
motor is used, a slight variation in speed 1s 
not objectionable; in fact for machine tools. 
printing presses and railway service a decided 
Variation in speed is required, and under this 
condition the direct current motor is almost 


motor is being heated, say for three or four 
hours, the current slightly decreases, and the 
resistance and speed increase. 

The speed of a 40 h.p. direct current motor 
will vary 7 percent. during the time the motor 
is heating up. A loom operating at 120 picks 
per minute would start off each morning at 
111 picks per minute and gradually increase 
the number as the speed increased, until the 
motor reached its normal temperature when 
the looms would operate at 120 picks per 
minute for the balance of the day. 

In order to compensate for these changes 
a resistance box or rheostat must be inserted 
in the field cireuit, and the strength of the 
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teld reyulated frequently in such a manner 
as to keep the speed of the motor constant 

The speed of a direct current motor will 
also varv if the voltaye on the circuit changes 
which change sometimes happens when a 
heavy load is thrown on or off the generator 
in the power house 

With alternating current motors none of 
these difficulties are experienced, The speed 
of the motor does not vary when under con- 
stant load, but depends solely upon the speed 
of the engine which drives the generator 
There are no brushes nor commutators, and 
‘no fnetional parts, except the bearings; there- 
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motor As the torque required to start a 
loom ais 100 per cent. above normal running 
torque, this size motor would be ample for 
operating these machines successfully, since 
itis unlikely that a sufieient number of the 
looms would be started at the same moment 
toload the motor bevond its overload capacity 

As in the case of the mechanical drive, the 
yroup system drives the shafting and belting 
continuously, Whether one of the machines 
is in operation or all are The etliciency 1s 
greatly improved with the group system, 
since a 75 kw. (100 hop.) dvnamo has a full 
load efhaency of (1) per cent. and a 50 hop. 


Fig. 3. Weaving Shed with Individual Drive, Showing Absence of Belts 


tore. in companng direct with alternating 
urrent motors, the latter should decidedly 
‘e given the preference for silk mills 

The grouping of machines under one motor 
s looked upon favorably by many engineers 
and manufacturers, and very good results can 
be obtained from this system if particular 
attention is given to the arrangement of the 
shatting and the selection of the proper motor 
ter the work to be performed. This svstem 
-s used extensively where the machines being 
dnven are run continuously, such as the 
preparatory machines used in a silk mull 
The motor used should work up to its full 
capacity, in which case the highest economical 
ethetrency is obtained 

A group of 4S ino looms. say 75 to LOQoin 
amber, can be driven by a 40 ta SO h p 


motor has an efhaiency of SY per cent. Allow 
ing a S per cent. loss in the line, this will give 
an efhciency of 78.5 per cent. from the engine 
shaft to the motor shaft. This group system 
has the advantayve of greater Mexibility than 
the mechanwal svstem, due to the fact that 
any yvroup may be run independently of 
another, and should a break-down occur the 
particular group involved would be the only 
part of the mill affected 

The production of the looms is greatly 
increased, as the shpping of the belts is con- 
fined to one section, which gives a more con- 
stant speed. By reason of this more constant 
speed, the wear and breakage on the loom 
and the work of the loom “fixer’’ is greatly 
reduced All heavy line shafting, hanger 
beartnys and heavy belts are ehaminaterd 
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The General Electric Company, within the 
last few vears, has equipped several of the 
largest sik mills with individual motors 
direct connected to looms. This Company 
has done more work in this line than any other 
electrical concern in this country, having sold 
over 1500 motors for the driving of as many 
looms, for the weaving of silk, worsted and 
velvet. Wherever this individual drive has 


Fig 4. Side View of Crompton-Knowles Silk Loom 
Driven by General Electric KG 1/2 H. P. Motor 


heen tried it has always met with success, as 
its many advantages are secon brought to 
livht. 

A direct current motor is not to be recam- 
mended in sik mills for individual drive. as 
itis uneconomical ant unsatisfactory for the 
con.fittons existing in silk mill operation. 
Therefore, the following remarks apply to the 
alternating current motor 

The method of installation is very simple, 
and is, in the majoritv of cases, entirely 
suceessful. In pliice of the belt pulleys used 
on Mechameally-driven looms. and the fric- 
tion clutch pulleys also used on such Jooms 
fand also advocated by some supporters of 
the individual cleetric drive}, there is mounted 
a gear Which meshes into the motor pinion. 
This gear is equipped with a special device, 
the duty of Which is to protect the loom from 
excessive shock When the loom “bangs off.” 
and Which provides the same degree of clas- 
ticity as is obtained through the slipping of 
the belt and by the friction dise pulley ordin- 
aurily provided. A bracket bolted to the 
frame of the loom supports the motor. This 


bracket is so arranged that a vertical motion 
of the motor is allowed, as the different speeds 
of the loom are obtained by changing the 
motor pinion. The motor may also be sup- 
ported from the jack shaft of the loom. in 
Which case an eccentric bushing is provided 
Which keeps the motor in perfect alignment 
and allows for the vertical movement neces- 
sary for changing the pinion, In all cases 
the motor is held to the loom in a very sub- 
stantial and rigid manner. 

It is generally preferable to stop the motor 
with the loom, thus saving all unnecessary 
losses and reducing the Wear on the motor 
and its connections to the loom. 

An oil switch is furnished with this equip- 
ment, and is held to the frame of the loom 
and connected to the shipper handle in such 
a manner that the weaver, to operate the 
loom, Starts the motor instead of shifting the 
belt. The friction gear referred to m= the 
preceding paragraph permits this to be done 
without damage to the machinery or to the 
fabric in the loom, 

By anv method of driving, either electrical 
or mechanical, that empleyvs shafting and 
belting, certain Josses appear at all times, 
due to friction and the shpping of belts. 
whether the looms are idle or in operation. 


Pig. 5. Group of General Electric KG 1 2 H. P. Motors 
Driving Crompton-Knowles Silk Looms, 
Distribution Board in Rear, 


These losses are climinated entirely by the 
individual «drive. as this arrangement re- 
quires energy only when actual production 
is being carried on. 


THE ELECTRIC MOTOR IN THE SILK INDUSTRY 217 


The most beneficial result of the individual 
drive is the increased production. This is 
conservatively figured at 5 per cent., and is 
entirely due to the constant speed of the 
loom owing to the absence of all belts. 

The maintenance item is reduced to a 
minimum, since there are no belts, line shaft- 
ing or hanger bearings to be considered, the 
only frictional parts of the equipment being 
the motor bearings and gearing, The repairs 
on the loom are very much less for the group 
drive than for the mechanical system, and 
much Jess on the individual drive than on 
either. This installation ts tdeal, inasmuch 
as the looms may be placed to the best advian- 


—— 


7 


Fig. 6. Sik Winder Drisen by Genera) Electric 
KG 1 2H. P. Motor 


tave for light. regardless of location to the 
venerating plant. There is no dirt or oi] 
overhead, and the pulleys amd belts, whieh 
continually stir up dust through the atmos- 
phere, are no longer required, 


The first cost of installation for the in- 
dividual drive is somewhat more than for the 
group drive, but when the increased produc- 
tion, decreased maintenance, unrestricted 


Fig. 7. Main Distribution Cabinets, Lighting Panel on the 
Left. Power Panel on the Right 


hight, and the absence of all dirt and dust, 
are taken into consideration, the manufac- 
turer will agree that he will very seon Le 
fully reimbursed for the extra expense 
incurred. 

The accompanying photographs were taken 
at the Empire Silk Company's plant at 
Wilkesbarre. Pa., and = show one of the 
recent installations of this svstem where no 
line shafting or belts are employed, as each 
loom, warper, quiller and winder is driven 
by its own individual motor. The looms were 
purchased from the Crompton-Knowles Com- 
pany and the motors from the General Elee- 
tne Company. 
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GEOLOGY OF JAMAICA* 


By Rossiter W. Raymonp, Pu, D. 
Seeretary of American Institute of Mining Engineers 


I did not use this subject because I wished 
to teach the geology of Jamaica, for I am 
going to say very httle about it and I| shall 
mention only enough to introduce the real 
subject, which is not the geology of Jamaica 
but the history as controlled by the geology 
The subject of the controlling influence of the 
natural environment upon the history of man 
is the opposite to the subject of man's effect 
upon the environment, Thirty odd vears ago 
a great book, called Man and Nature,” was 
written on that subject by George T. Marsh 
a book | hope all will read who have not 
already donc so 


together with the islands constituting the 
Greater and Lesser Antilles and Leeward 
Islands, form what Mr. Hill calls the American 
Mediterrancan, The Caribbean Sea is a part 
of this group, and is shut off by chains of 
islands and by the solid mainland of the 
continent from other portions of the Atlantic 
Qcean, In the middle of the sea rises a steep 
peak of a mountain range. This peak is 
Jamaica 

The water is very deep at some points along 
the coust, and even this has had a curious 
effect upon the history of the island's geology. 
hbeeause geologists could not identify the rocks 


Planter’s Residence, Oxford Penn 


| have never seen or heard of a better or 
more striking illustration of the effect of 
geology on history than that afforded by the 
Island of Jamaica, where I spent some time 
about a year ago. The geology of the Island 
has been very admirably described by Mr. 
Robert R. Hill, an American geologist, and 
if the reader wishes to go into details | would 
refer him to this account. 

The shores of the Gulf of Mexico, taken 


* Lecture delivered before the Schenectady Section, A, LIE 1 
January 25, 1908 


with those of other islands. The water here 
is so deep that shallow water specimens can 
not hve beneath it, and therefore fossils 
which are present on other islands are absent 
on the coast of Jamaica. 

The Island of Jamaica is about 145 miles 
long and 45 miles across in the widest place. 
and consists principally of an upheaval, the 
highest point being about 7400 ft. above the 
sea level, which is quite a height to look up 
to. There are, of course, points in the Rockv 
Mountains much higher than this, but due to 
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the altitude of the surrounding country, the 
apparent distance up is less than is the case 
with Jamaica. 

One of the peculiarities of the scenery is 
that it combines the sublimity of the Andes 
with imitation of glaciers, with the canyons 
of the Rocky Mountains, and with the tropics 
thrown in, clothed with luxuriant vegetation. 

The summits, subjected to the tropical 
torrential rains, are sharply accentuated. 
The general topography, or at least the upper 
part, is illustrated by the story of Columbus 
crumpling up a handkerchief, and saying 
“It looks like that.” A little further down, 
2500 ft. above the level of the sea, is another 


That is all of the geology I am going to give, 
and it will be seen how these features have 
illuminated and foreordained every chapter 
in the history of the island. 

No gold has been found in Jamaica, which 
fact is rather remarkable considering that 
Cuba has gold, San Domingo has gold, and 
the mainland opposite is a very treasure 
house. If the Spaniards did not find gold in 
Jamaica, the island gave them something 
else; namely, those bays that I have told you 
of, which became the lurking places of the 
buccaneers, who ran intothem and hid. Kings- 
ton, or the locality near it, was the great 
commercial center or metropolis of the whole 


Bringing in Sugar Cane to Mill House 


and later formation. This is a_ horizontal 
plateau of limestone which surrounds the 
central core as if it were a ruffle around the 
neck of Queen Elizabeth, the mountains 
rising from the middle. This plateau of lime- 
stone has peculiar formations in the nature 
of “cockpits,” which are great funnels 250 to 
500 ft. deep in which the water of the heavy 
rains disappears, and no doubt drains through 
the limestone rock to the underlying core. 
At the edge, this limestone plateau breaks 
off into bluffs, 100 to 200 ft. high. Below 
these are the lowlands of the coast on which 
lies the debris of the bluffs consisting of 
graveled limestone such as is found along the 
coasts of the other islands. Along the edge 
is a series of navigable bays. 


of the Spanish seas, where the buccaneers 
came and sold their plunder, bought what 
they wanted, lived riotously, got supplies, 
made repairs, and were off again. Now 
buccaneering is not legitimate commerce, 
but it is commerce just the same, and after 
the lawlessness got knocked out, the commerce 
remained; so from that day to this the towns 
of Kingston and Port Antonio, and some of 
the other ports in Jamaica, have been the 
very centers of the great West Indian trade. 
They will be even more prominent in this 
respect when our Panama Canal is finished, 
for Jamaica is just off the Panama Canal, and 
there will then be more trade than ever, 

One of the most important results of this 
great commerce was that the ships which 
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entered the harbors of Jamaica during all 
these times of the buecancers and the sub- 
sequent West Indian trade brought with them, 
sometimes voluntarily and sometimes in- 
voluntarily, seeds of new plants and trees. 
varieties of animals and livestock, straw, 
manure, and all sorts of things which might 
easily bring forth new vegetation in a new 
country. So, first of all, it came to pass as 
a result of this commerce that new yvrowths 
began to flourish, and the outcome to-day is 
that Jamaica is a country in which nearly 


East India Coolies at Their Midday Meal 


everything that we vonsider charactertstic 
of the country ts exotic, and was imported 
there. T have a litth: memorandum which 
states that when Columbus was sitting in his 
mouldering ship in the bay. there was im 
Jamaica no sugar cane, bamboo, oranges, 
lemons. limes, citron, grape fruit, coffer, kola, 
cinnamon, rice, bread fruit, bananas, cocai- 
nuts, ete., although there ts some doubt 
as to whether cocoanuts should) be meluded 
in the list 

Essentially, the whole flora which now 
covers the istand of Jamaica has been in- 
ported. Alb the animals, the fauna as well its 
the flora, come under this head, There is not 
asingle living animal in Jamaica of the kind 
that was there when Columbus discovered it, 
except perhaps the cony. which ts scarce, but 
which is said to be scen occasionally amony 
the rocks. All the other animals of Jamaica 
have been imported, even to the mongoose, 
Which was brought in to fight the rat, this 
latter pest having found its way there in the 
ships. When the mongoose arrived it killed 
the birds as well as the rats; the birds are 
consequently very much scattered. and the 
inhabitants are fightiny the mongoose to 
exterminate the species, 


Not only have the plants and the animals 
been imported, but the men also. The 
original Caribs appear to have been very 
peaceful, and although they may have eaten 
one another occasionally, nevertheless they 
were very gentle. If they were. cannibals, 
they were so simply for the same reason that 
has made cannibals of many other tribes--a 
superstitious belief that they might increase 
their courage by eating the heart and drink- 
inv the blood of brave men. 

The Spaniards, not having found gold in 
Jamaica, and not at first having brought the 
sugar cane and started its cultivation, which 
required labor, captured the Caribs and sent 
them off to be peons and laborers in pold 
mines, and in that way the race absolutely 
disappeared. [donot beheve there is a trace 
of them left on the island. Then, as the 
Spaniirds afterwards necded laborers for the 
cultivation of sugar cane, ete,, they brought 
slaves from Africa. Do not let us make the 
mistake of thinking Africa a small country 
and every native just like our negroes. East 
Africans. West Africans. South Africans and 
Ethiopians are as different as different races 
in other countries, and one of the first things 
which strikes one in reading and studving the 
history of Jamaica is this difference of races 


View of Mountain Village 


among Africans. The Spaniards brought 
over a lot of African slaves who sprung from 
a very different race from those England 
brought over afterwards 

In the time of Oliver Cromwell, an expedi- 
tion Was sent out to capture some certain 
island; the expedition lost its way anid 
captured Jamaica from the Spaniards in- 
stead, The Spaniards did not fight long, but 
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they did a crafty thing. They called together 
the African slaves and gave them their free- 
dom, taking from them a promise that they 
would never be slaves to anvone else and 
would never surrender. These freed slaves 
of the Spaniards received the English after- 
wards very much after the fashion of the 
guerrilla warriors of Spain. They retreated 
from the coast, which was vencrally inhalnted 
for commercial reasons by the whites, to the 
limestone plateau and into those cockpits, 
filled, vou must imagine, with dense veyeta- 
tion. | have traveled through some of those 
jungles and gone through their villages with- 
out seeing any people, evervene bem hidden 
in the dense veyetation of the trackless 
jungles, These people are called Maroons. 
the word Maroon being a corruption of a 
Spanish word = signifving outcast. These 
Maroons, as I have said, retreated to the 
high land, where they were concealed in their 
mountain fastnesses, and from which thev 
descended from time Lo time to raid the settle- 
ments below. These setthrrents gradually 
became a very active supar-producing colony 
of Eneland. and the English brought negroes 
there to work, These slaves were negroes 
from Africa. but not of the same race as the 
Maroons. The proud Maroons. who had 
never been slaves to any country but glorious 


Loading Banana Steamer from Lighters, Annoto Bay 


Spain, hated and despised other kinds of 
negroes. It is very curious that these people 
actually were proud that they had been slaves 
to Spain but never to England. The cock- 
pits gave them another world as it were, from 
that on the coast; a world in which they could 
retreat, manceuvre and hide forever, making 
it almost impossible for the English to deal 
with them. These slaves and their descend- 


ants kept up a fierce war with England for 
150 vears. Expedition after expedition was 
armed and sent out to overcome them, but 
never came back. The English were trapped. 
ambushed and massacred, no one living to 
tell the story. At last, in 1738, an English 
gencral managed, not to conquer the Maroons, 
for they were never conquered, but to get 


On the Way to Market 


them still Jong cnough to hear what he had 
to sav, and neyotiated a treatv. <As the 
Indian tribes in our country have been treated 
as independent, so the Maroons were treated 
by the proud kingdom of Great Britain as 
independent, and a treaty was made by which 
they became allies of the English. After that. 
as they were friendly, it did) not make so 
much difference about their living in- the 
cockpits and jungles up on the limestone 
plateau. They came down occasionally to 
trade. and the governor would go up once a 
vear probably, blow his horn and call them 
together and issue some sort of rations to 
keep then pood natured 

About the year 1S30 slavery was abolished 
in Jamaica. The result was disastrous to the 
island, not because slavery ought not to be 
abolished, but because its abolishment des- 
troved the plantation system of labor in 
Jamaica. The negroes, having their freedom, 
wanted to exercise it. as did our negroes after 
the war. by realizing their right to move 
about from place to place. The negroes in 
Jamaica were greatly encouraged in restless- 
ness and indolence by the fact that a very 
little work goes a long wavy in that island for 
the support of a family. Negroes do not need 
much to eat, or many clothes, and nothing 
more in the wav of a house than a roof; con- 
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sequently a man with limited breeches and 
an umbrella could get along first-rate in 
Jamaica. On the other hand, about thirty 
days’ work now and then was enough to raise 
in abundance whatever was needed. The 
plantations fell into neglect, and the negroes 
congregated in idleness and lived with little 
concern because there was little required of 
them by the climate. By and by they began 


HLM. Mails and Post Office 


to be restless and discontented, and in 1865 
the terrible rebellion broke out in Jamaica, 
concerning which so much has been said and 
written. The older people will remember 
how the governor was criticized for the 
course he pursued, by Huxley, Spencer, 
Gladstone and others, while on the other hand, 
another party was equally strong in_ his 
defense. I can see that Governor Eyre did 
what was necessary, and that without his 
swift, sharp and even cruel action, the rising 
would have resulted in the massacre of the 
entire white population, which was only 3 
per cent. of the total, the other 97 per cent. 
being negroes. There was one massacre— 
some of these tribes arose and killed all the 
whites in one town, creating a tremendous 
panic. The governor made reprisals which 
were awful, but the most terrible thing he 
did was probably largely unintentional at the 
time. He called upon allics whom he was 
afterwards unable to control—the Maroons 
up on the limestone plateau. He sent to them 
to come down and attack the others; and 
these men, resting in idleness and dreaming 
of the old days, woke up, sounded their battle 
ery again, and descended. The horrors of 
what they did to the blacks constituted the 
chief charge against Governor Eyre. He did 


not intend that the Maroons should do all 
that they did. He could not control them. 
After slaughtering right and left, and plun- 
dering until they were tired, they retired to 
their abodes on the plateau, and have hardly 
been heard of since. This was nearly fifty 
vears ago. 

There is one more race to be mentioned to 
complete this collection which has been 
imported to Jamaica; namely, the Hindoos. 
Ten or fifteen thousand of these coolies were 
brought over from East India on time con- 
tracts. The cost of transportation was taken 
out of their wages, and when their time was 
out they had the option of going home or 
staying on the island, and many of them 
stayed. The color of their skin is an attractive 
black -not a dense black—and they pos- 
sess Straight noses and thin lips. They are 
lithe and slender, with small hands and feet, 
and dress in white suits, with wrappings 
rather than trousers to the knee, scarlet 
jacket and turban; and as you go along the 
roads and mect them they give you a greeting 
of good morning or good afternoon, with an 
oriental salaam. Small as they are physically, 
they are very good laborers. They bring 
their wives and children out with them, and 
load the women with jewelry. The men are 
good silversmiths, and as you walk along vou 
see the women with their curious silver orna- 
ments, necklets, bracelets, chains, etc., and 
you can buy anything they have on. This 
is the way they exhibit their wares, and the 
next morning they will be out with a fresh 
supply. 

Another thing with which the geology has 
had much to do is the great variety of chmate. 
There are different climates at different ele- 
vations and on different sides of the island 
The bananas and cocoanut palms require 
plenty of water, and are found in the lower 
regions, while further up are the coffee 
plantations. 

The Government has established a most 
wonderful garden for the promotion of 
agriculture, and tries the raising of plants 
from all parts of the earth, those that are 
suitable for the climate and soil being prop- 
agated. Practically everything will grow 
in Jamaica, 

The government of Jamaica built a rail- 
road which crosses the island, and which goes 
through 28 tunnels in 30 miles. It does not 
pay. It is too long, and it is too expensive 


for the chief products, such as bananas and 
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cocoanuts. The United Fruit Company do 
a great banana business, and have 65 steamers 
of two or three thousand tons running all 
the time between Jamaica and the United 
States, and the way they get their cargoes 
is thus: The steamer will go to the principal 
headquarters, Kingston, Port Antonio, etc., 
and unload; it then sails around the island 
and into the different bays, and as the 
steamer comes in the banana growers are 
found waiting with their product. It is not 
more than ten or twelve miles from any 
banana plantation in Jamaica to the ocean. 
The United Fruit Company also sends carts 
through the island to gather up the fruit for 
market, and if a negro wants a little money 
he takes a bunch of bananas and sits down 
by the side of the road and waits for the cart 
to come along. ‘The driver takes the bunch 
of bunanas and the negro a copper check good 
for money. The result is that small producers 
have a way of getting what money they 
require without a great deal of trouble. It 
is pretty hard to arouse the negroes in the 
present generation to a state of excited 
ambition—they are too comfortable. I do 
not suppose there is another country in the 
world where one class of labor will look on 
complacently while another class steps in and 
takes its work. The Jamaican negro to-day 
looks with the utmost pleasure and com- 
placency upon the East Indian coolie who has 
come over to do the work he did not like. 
The whole race, in fact, has something of that 
attitude —the consequence of their climate. 
Although the present condition of Jamaica 
is not wholly prosperous, the conditions for 


prosperity are there. The new life of Jamaica, 
as we call it, has been brought about by the 
geology. The negroes of Jamaica to-day are 
supplied, through the commerce of the United 
Fruit Co., with the opportunity to make 
money, and the children are showing signs of 
real ambition to better their condition. I 
found a few cases of black men who have got 
rich, and it is possible for any one of them to 
save money if he has the desire to do so. 


.The Government of Jamaica has started 


primary schools in great numbers. 

The geology of Jamaica has produced this 
wonderful variety of climate, and has filled 
Jamaica not only with tourists, but also with 
products that will restore her wealth in a 
much more healthy and beneficial manner 
than that brought about in the days of the 
buccaneers or the Jamaican slave owners. 
Besides the public schools there are technical 
schools and a university, and from this 
university any man of sufficient ability is 
eligible for the Rhodes scholarship at Oxford, 
England, and some of these men have taken 
it already. The next best thing to good 
schools which the government can furnish 
toward civilizing and elevating the people is 
good roads, This little island has 4000 miles 
of roads as good as we can furnish in any of 
our parks. They are made of the limestone 
from the coast, and wherever you go you see 
little piles of stone waiting to be reduced to 
the ordinary size for macadamizing. When 
one of the natives wants to earn a little money 
he sits down and breaks stone, and when a 
certain amount has been broken the inspec- 
tor gives him a ticket for that amount. 


Geological Formation on South Coast. Coral 
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ROTARY CONVERTERS 
Part IV. 
By Ernst J. Bere 


Heating of Rotary Converters when supplying 
Unbalanced Load in a Three Wire System, 
the Neutral being derived from the 
Transformers 


As a limiting case it will be assumed that 
full load direct current is supplied from one 
side of the three-wire system only; one brush 
therefore carries full load current, the other 
no current. 

In this case the direct current output ts 
one-half of what it would be with balanced 
load, and the maximum value of the alter- 
nating current will be one-half the value 
determined for the case of heating considered 
in the first part of the discussion. In that 
particular instance a direct current of 2 was 
considered, and the corresponding maximum 
values of the alternating current werc: 


2 for the single-phase converter. 
154 ‘ “ three “ “ 
1414“ “ four- r 


Las '* six- 


L/OL? 
Fig. 14 


In this ease, therefore, the maximum value 
of the alternating current in the winding is: 


1 for the single-phase converter, 
O77 “ * three-  * * 
0.707 “ “ four.  “ : 


“4 ae 


O665 "six. 

In the analysis given below the three-phase 
converter is considered. 

The circuit of the direct current is from the 

brush to the line, then to the neutral of the 

Errata. In the third section of this article, which appeared in 


the March issue of the REVIEW, Figs. 1, 2. 3, 4 and 5 should 
have been numbered 9, 10, 11, 12 and 13, respectively, 


transformers, returning to the brush over the 
three lines a, b, c, and the winding between 
the brush and a, /, c. 

One-third of the line current enters through 
each of the three lines u, b,c. In each case the 
current can enter the brush by two paths in 
parallel, and the proportion of the current tn 
each will depend upon the resistance of the 
path. 

Assume as before that the armature has 
48 slots, and denote the position shown in 
Fig. 14 as No. 1; the resultant current in 
phase ab will be determined for each 7.5 
degrees revolution. <A current flowing clock- 
wise will be considered as positive, and 
counter-clockwise as negative, as indicated in 
the figure. The current in a enters the brush 
in a negative direction over the coils x (in this 
case ¥ = 4), and ina positive direction over coils 
48 -x. Therefore, the current will divide as 


48-4 | ‘ \ 
is to - -. 
48 48 
a : v 2% 
The positive current is -= x =, 
48 R | 
ind the negative current i cea es 
am e negative ent is x : 
BE 48 3 
or for ¢ | 
48 -- x 
ad.= - % 2/3 
4s 
2 Y 
ida a? . arne: 
3 1S 


bo = ry Os 

iy” % 2/8 

lG+4 ; 

hy is 2/3 
Iti x 

r ‘ iL< . ’ » : 

and ¢ R 2/3 
seas 

i ae Ors 

48 ' 


In section a 6 we have a resultant direct 
current of the negative currents of ¢ and /, 
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and the positive current of a. Thus the 


resultant direct current Cy is: 


_ O6—x) 2/3 (82—x) 2/3 ae: 2/3 


“o 48 48 Ss 
16—x 
~ D4 


This equation gives the following values to 
Cc, for the positions listed: 


Position x os Position x rs 
No. 1 4 =0.5 No. 15 18 +0.083 
2 5 -0.46 16 19) 40.125 
K G6 —O.417 W200 +0.166 
4. ° 7 -—0.3873 IS 21) +0.208 
5 SS —0.333 19 22) 40.25 
6 9 -0.292 20 23 +0.202 
7 10 —-0.25 210 24 +0.3358 
S 11 =—0.208 22 25 +0.373 
9 12) —0.166 230 26 +0.417 
10 18) —0.125 2427) +046 
Il 14 —0.08S3 25 28 +0.5 
12) 15) — 0.0417 260-20 + 0.54 
138) 160 0. 27 3800 + 0.582 
1417) + 0.047 


Fig. 15 


When the armature has turned more than 
2874 degrees, or 210 degrees, each section of 
phase a b carries a different value of current, 
as may be seen from Fig. 15. 
Under these conditions we have: 
48-—y 
ay, = -— ~~ x 2/3 

48 
y 
~ = xX 2/3 
48 


ba = “x 2/3 


324+y 
——= X 


b. = 48 2/3 
32-y fe 

c+ = “48. 2/3 
1G+9 _ o, 

c— 48 « 3 


Section A’ carries all positive currents, and 
section L all negative currents. 


Tt >in A Sa-y 
wus cin K = yy 
: lie y 
and c,in L = 24 


which give the following values to c, for sec- 
tions A and L, for positions 2 to 45, inclus- 
ive: 


Position y K L 

No, 20 16 0.06 —1.35 
30 15 O.707 — 1.20 
$l 14 0.75 —1.25 
32 i) 0.79 ~1.21 
33 12 O.S34 —- 1.16 
34 11 O.STS —1.12 
35 10 O17 — 1.08 
36 9 O06 — 1.04 
37 Ss 1.00 —1. 
3S 7 1,04 ~ 0.96 
349 hy 1.08 ~OMT 
40 5 1.12 ~ O.STS 
41 4 L165 O.S34 
42 3 1.21 0.7% 
43 2 1.25 O75 
44 | 1,20 —(.707 
45 0 1.33 — 0.06 


For the remaining position we can again 
use the first equations, since all coils in phase 
ab carry the same direct current; thus 


liv 
*e* 4 
Position X Co 
No. 46 l — 0.625 
47 2 —0,583 
48 3 —0.54 


The instantaneous value of the alternating 
current for any position is: 

I = 0.77 cos @, where ¢ = O for the first 
position, and each successive value of @ 
corresponds to 7.5°. 
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Thus, for instance, the heating which is 
proportional to the square of the current is 
in position No. 8, which is determined as 
follows: 

Cy, = —0.208 I= 0.77 cos (7X7.5°) =0.468 

Resultant current = 0.26 

and current? = 0.0678. 

These calculations are carried out for each 
coil and position, and the results are: 

For a three-phase rotary converter with 
only one side loaded, 70 per cent. of the rated 
output can be carried. For a four-phase and 
a six-phase rotary, 73 and 77 per cent., 
respectively, of the rated output can be 
carried at one-half voltage. 


Fig. 16 


In other words, the current going out from 
one of the brushes and back over the neutral 
can, in the first case, be 40 per cent. greater 
than the normal full load, and in the last case 
54 per cent. greater. 


Armature Reaction in Rotary Converters 


Sometimes the total magnetomotive force 
of the armature is considered as armature 
reaction, often as the resultant magnetomo- 
tive force per pole, and most frequently as the 
product of the direct current in the conductor 
and the number of turns per pole in the 
armature. 

In the following discussion the armature 
reaction is taken as the resultant magneto- 
motive force of the armature per pole. 

It may be expressed as 

R= /2kk,it 
where & and k&, are constants, depending upon 
the system considered and upon the distribu- 
tion of winding, respectively; 1 the effective 
value of the alternating current, and ¢ the 
number of armature turns per pole and 
phase. With direct current, where the wind- 
ing is uniformly distributed, &, is the ratio of 
the diameter to one-half of the circumference, 


or 2. and & is unity. 

T 

In an n-phase closed circuit alternator 
(Fig. 16), run as a rotary converter, k, be- 
comes 


5 ‘ 360 360 S 
2zr ~ erp 
360 x 2r_. @ 360 . @ 
Qarp 27 ap *" 9 
360 


@ is obviously = — 


n. 
thus k, = eo 


k, as stated above, depends upon the system, 
and gives the relation between the resultant 
armature reaction of all phases and the arma- 
ture reaction of one phase. 
In an n-phase machine, the windings of the 
; : 360° 
respective phases are displaced ee thus, at 


a given time, the currents a, b, c, etc. (Fig. 
17), are expressed as: 


‘ . » ‘J . ad 
I, I cos = T cos 2XdO) _... bcos (n=1) 200 
n n n 


Fig. 17 

Each of these currents has a component in 
phase with /, which is the product of the 
current and the cosine of the angle; thus the 
combined magnetomotive force of all phases is: 


36 2x3 
IT cos O + ] cos? 360 = I cos? — 60 + 
n n 


T cos*(n=1) “ 


combined magnetomotive force 
I 
, 2* 360 
cos - 
n 


Thus k = 


, 360 
+ 


= ¢os 0 + cost —— 
t 
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n—- 
+ cos? 360, to nm terms, m being the 


number of phases. 

In a single-phase converter where m = 1, 
we thus get k = cos 0 = 1. 

In a three-phase machine (n = 3), k be- 
comes 1 + $+ 4 = 1.5. 

In a similar way, for a four-phase machine 
k = 2, and in a six-phase machine & = 3. In 


n 
generalk ~ 5. 

It has previously been shown that the 
relation between the effective value of the 
alternating current and the direct current in 
a_ conductor is: 


Considering a bipolar machine for the sake 
of simplicity, and denoting the direct current 
output by 1, we yet f, = 0.5 ty 


t V2 
thus — = TSO (7) 
With ¢ turns per pole, the number of turns 


t 
per pole and phase are a 


Substituting these constants in equation 
R= V2kk, tt 


we get the alternating current armature 
reaction 

t ... 18)... ye? ok 
Ry V2 x = sm : eee: ey = 
ini n° 2 Ison 


m stn 
m 


Since in a multi-phase converter the number 
of phases » is the same as the number of col- 
lector rings m we get: 


tyt 
a 
The direct current armature reaction Kk, is: 
2 ees 
S x > i= ty = (8) 


It is therefore proven that the true arma- 
ture reaction is the same for direct current 
and multiphase alternating current, no matter 
how many collector rings there may be. 


(To he continued) 
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STORE LIGHTING WITH 
ENCLOSED ARC LAMPS 
By G. H. SticKNnrEY 


The purpose of a store is to sell merchandise, 
and the purpose of artificial store lighting is 
to promote the sales. That arrangement of 
store lighting is the most satisfactory which 
produces the greatest margin of profitable 
sales over the cost of illumination. 

Artificial lighting contributes towards the 
satisfactory sale of merchandise in the fol- 
lowing Wavs: 

1. By helping to make the store attractive 
and pleasant for customers. 

2. By displaying the merchandise to ad- 
vantage, so that the customer may be in- 
duced to purchase. 


Fig.1 Ceiling Diffuser 


3. By showing the merchandise approxi- 
mately as it will be seen afterwards, so as to 
avoid disappointment, especially where color 
selection is involved. 

4. By making the store attractive and 
healthful for the emplovees. 


Appearance of the Store 


It is unquestionably true that on entering 
certain stores, the customer is agreeably 
impressed, and the store becomes at once 
attractive to him, while in certain other 
stores, an opposite or unpleasant impression 
is received, resulting often in a large loss of 
business. While there are many elements, 
more or less concrete, which go towards 
influencing customers favorably or unfavor- 
ably, we are interested in them in this 
discussion only so far as they relate to the 
artificial hghting of the room. 

It is evident that an artistically arranged 
store will be more pleasing than one which is 


1 by Google 
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Fig. 2. Interior View of John G. Meyers Co.'s Store, Albany, N. Y., Lighted by 
Selective Ceiling Diffuser System 


Fig. 3. Interior Fraas & Miller Store, Brooklyn, N. Y., Lighted by 
Selective Ceiling Diffuser System 
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disorderly and which lacks design, and there- 
fore the lighting fixtures should, as far as 
practicable, conform to the general tone of the 
surroundings. 

Usually, the lighting fixtures are more 
conspicuous as fixtures by daylight than by 
their own light, and their appearance in the 
store in daylight should therefore be con- 
sidered. Where the lighting fixtures are of a 
stock pattern, it is especially desirable that 
they should be simple, and as inconspicuous 
as possible. 

To a certain extent, some proportion 
should exist between the size and height of the 
room and the size and capacity of the lighting 
units. In a large room a comparatively small 
number of large units generally appears to 
better advantage than a large number of 
small units. Such an arrangement also gives 
life and character to the illumination. In a 
small or low room, a relatively small unit ts 
preferable, for the sake of appearance as well 
as for the effective distribution of light. 

Most people prefer a bright, cheerful store 
to a dark and dingy one, and experience shows 
that, as a rule, the bright store gets the 
business. 

Lamps of high intrinsic brilliancy, when 
hung low, produce a blinding effect which is 
not only annoying and tiring, but which makes 
it difficult to view the merchandise satis- 
factorily. Even with sufficient light on the 
counters, if there is no light on the ceiling, 
the store is likely to appear dark and dingy. 
The light itself should be steady and approx- 
imately white. Colored lights do not mix 
effectually with daylight, and when a con- 
siderable portion of the light is to be thus 
mixed, it is desirable that the artificial lights 
should be as nearly white as possible. We 
may therefore conclude that a store can most 
easily be rendered attractive, as far as the 
lighting is concerned, by the use of simple, 
inconspicuous fixtures, with units of a capac- 
ity Well proportioned to the size of the room; 
the light sources being high and of relatively 
low intrinsic brilliancy and so arranged as to 
distribute a soft, even and approximately 
white light throughout the store. 


Lighting of Merchandise 


A person’s attention is usually attracted 
to the point of strongest illumination, and for 
this reason it is desirable that the merchandise 
displayed should have a relatively strong 
illumination compared with that of other 


parts of the room. This illumination should 
be fairly uniform, rather than spotted, so that 
the area for the effective display of goods may 
be as large as possible. Especially should 
harsh lighting and dense shadows be avoided. 

Where colored materials require accurate . 
selection in order to match some particular 
material or to produce some particular color 
effect, it is very important that the light be 
of the proper color. Many disappointments 
on the part of customers are due to a lack of 
proper attention to color considerations in 
the lighting of stores. The annoyance and 
inconvenience caused the customer may 
frequently be of greater moment than the 
value of the material itself. Since the larger 
part of the goods sold in a store is ordinarily 
used and seen by daylight, the store light 
should approximate daylight as nearly as 
possible. On the other hand, there are 
materials which are intended to be used prin- 
cipally in the evening, and consequently 
under a yellow tinted light. Means should 
therefore be provided for exhibiting this class 
of materials under such a light, and is ordin- 
arily accomplished by providing an “evening 
room,"’ The strong white light, while it 
shows up a fine material to its best advan- 
tage, also shows up the defects and imperfec- 
tions of low grade material. On this account, 
it is observed that a poor illumination is 
usually preferred in a store where inferior 
materials are displayed. 

Cheerful and accommodating attendants 
constitute one of the most important elements 
in the art of drawing trade to a store. Since 
each customer spends a relatively short time 
in a store he may be unaffected by lighting, 
which, te the clerks, may become almost 
unbearable. The ill effects of poor illumina- 
tion in producing headaches and other dis- 
comforts is too well known to require any 
discussion. It therefore frequently happens 
that the comfort of the employee sets a 
higher standard upon the production of a fine 
soft illumination than do the requirements 
of the customers. 


Economy 


Store lighting would present much simpler 
problems if it were not for the necessity of 
giving so much consideration to the cost. 

It is not particularly difficult to provide a 
strong, even illumination if it is permissible 
toconsume an abundance of power and distrib- 
ute the light through sufficiently dense globes. 
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It is not the first cost which requires the 
most serious consideration, but the after 
expense of operating. It is neither good 
engineering nor good business to burden a 
store with a running expense for illumination 
higher than its commercial advantage war- 
rants. On this account, the elements which 
affect these conditions should be carefully 
weighed. 

For example, in New York City, where the 
standard of illumination is high and com- 


petition keen, the amount of business per 


Fig. 4. Suspended Type Light Balancing Ceiling Diffuser 


square foot of floor is great and a relatively 
strong illumination must be provided even 
at a considerable cost. On the other hand, 
in a small town where the opposite conditions 
hold, the amount of light must be curtailed 
to keep down the expense. 

In both cases, however, economy is im- 
portant, and itis the province of the engineer 
to ensure his client a lighting installation 
that shall best meet the conditions. 


Enclosed Arc Lamps and Competitors 


Owing to the development of the more 
refractory matcrials for incandescent lamp 
filaments, particularly tungsten, the efficiency 
and color of this type of lamp is being im- 
proved. These improvements, together with 
the practicability of increasing the candle- 
poWer capacity, are requiring a readjustment 
of the boundary line between the are and 
incandescent lighting fields. 

Unquestionably, the tungsten lamp ts more 
suitable in some places where, previous to tts 
development, the are lamp would have been 
selected. Just where this dividing line will 
ultimately lie still remains to be worked out, 
It can not be determined until we have had 
further experience with the tungsten lamp. 


The cost of electric current will often be the 
determining factor. 

Experience seems to indicate that high cur- 
rent enclosed arc lamps, fitted with proper 
diffusing devices, form the best equipment for 
the general illumination of large dry gooods 
and department stores. 

In this connection it should be remembered 
that a 64 ampere D.C. enclosed arc lamp 
consumes but 30 per cent. more power than 
a 5 ampere lamp, while it emits over 45 
per cent more light. Similar comparisons 
for A.C. multiple enclosed are lamps show 
that a Y ampere lamp consumes 50 per cent. 
more power and gives over 70 per cent. more 
light than a 6 ampere lamp. The increased 
eticiency and advantages obtained with 
increased current seems to have been gener- 
ally overlooked in efficiency comparisons 
Moreover, the light from the high current 
arc lamp contains, if anything, shghtly more 
vellow than average davlight. This is very 
desirable, as it gives a pleasing quality to the 
light without detracting. seriously from its 
color selective value. 

Diffusion 

The demand for a more even distribution 
of light and the softening of contrasts and 
shadows resulted several vears ago in the 
development of certain forms of diffusers. 
By the use of these accessories the distribu- 
tion and diffusion of light was greatly tm- 
proved. and although the first forms were 
crude and inartistic in appearance, they 
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demonstrated the great effectiveness of dif- 
fused light. Since then new designs and 
improvements have been made and are still 
in progress, The enclosed arc lamp may be 
provided with a fixture suitable for use among 
the most beautiful surroundings, and at the 
same time efficiently and effectively fulfill 
the exacting requirements of high grade 
illumination. 
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ELECTRIC MOTORS AND THEIR APPLICATION 


By C. F. LAWRENCE 


The subject of electric motors and their 
application is a very broad one, and as space 
is limited, I will deal with it only in a general 
way. 

It is interesting to note that while at first 
the use of the electric drive was thought to be 
of value merely in the saving of power through 
the elimination of the losses due to friction 
in the line shafting, a higher economy has 
been found to lie in its remarkable effect upon 
the production factor of a shop. 

In the average manufacturing plant, the 
cost of power varies from 2 to 6 per cent. of 
the cost of the finished product, the labor 
being the most important factor in manufac- 
turing, amounting usually to upwards of one- 
half the total cost of the product. 

The application of the electric motor to 
individual machines, and for driving in groups, 
naturally results in greater reliability of 
operation and increased production; as each 
machine or group of machines is rendered 
independent of all others in the shop, and yet 
at all times, either day or night, is fully as 
effective as though connected directly to the 
prime mover. A better control and a more 
constant speed is secured, and smaller shafts, 
lighter belts and the elimination of all heavy 
belting and main line shafting are obtained, 
these results naturally tend toa more econom- 
ical operation and an increased production. 

There is still a diversity of opinion as to 
the relative advantage of the so-called indi- 
vidual and group driving. The latest de- 
velopments indicate a tendency towards the 
use of both the group and individual drive, 
it being generally agreed that the larger tools 
should he equipped with individual motors, 
such as machines that are intermittently 
driven, or where they are started and stopped 
to make ready or take off work. This class 
of machinery would include printing presses. 
boring mills, planers for working iron, engine 
lathes, certain classes of woodworking ma- 
chinery, and many others. 

In many shops the use of the individual 
drive is being extended to small tools, as well 
as to the large ones. It has been found that 
in the average machine shop at any one time 
during the day there is only from 30 to 40 
per cent. of the tools in actual use, although 
all the shafting and belting is running all the 
time during working hours. 


For small shops, the horse-power required 
to drive the shafting and belting alone, 
averages from 20 to 40 or even 50 per cent. of 
the engine power, and in large shops and 
mills from 30 to 65 per cent. 

In laying out the electric drive, it is neces- 
sary to study the conditions in each individ- 
ual case, as there are no two cases exactly 
alike. 

In a printing plant where the individual 
drive is used, the horse-power in motors 
should be double the horse-power required 
to drive all the machines in one group by one 
motor. The reason for this is that it requires 
a little more power to start up each machine; 
for, with the group drive, all the balance 
wheel effect of all the shafting helps to start 
any one machine; but as it ts seldom that 
there are more than 50 per cent. of the ma- 
chines in operation at any one time, individual 
drive is a great saving of power. A greater 
advantage is gained by doing away with all 
belting and shafting, which always throw 
oil and dust, and which cut out a great 
deal of light. When a press is belt driven 
a printer has only three or four cone speeds 
at his command, whereas, when it is motor 
driven, from 8 to 15 speeds may be obtained. 
By having a great number of speeds, the 
printer is certain to secure increased pro- 
duction. 

Before going further, | would like to speak 
of the advantages and disadvantages of the 
various types of motors, so that the proper 
one may be selected to run a certain class 
of machine. 

Direct Current Motors 

First, we will take up the direct current 
motor, the simplest type of which is the series 
wound machine. The series motor is used 
largelv for driving street cars, automobiles, 
centrifugal pumps, cranes and hoists, being 
especially well adapted for electric cranes, 
as it will automatically regulate its speed to 
the weight to be raised, exerting a very 
powerful torque at low speed for a heavy 
load. The speed is regulated by either a flat 
or drum type controller which introduces a 
resistance in series with the motor, and whichis 
usually hand controlled. When a series motor 
is used, it should invariably be geared or 
direct connected to the machine to be driven; 
because if a belt were used and it should slip 
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off, the motor, being relieved of its load, would 
run away and might cause considerable 
damage. 

The series wound motor is ideal when 
direct connected to a centrifugal pump. 
Assuming that the motor is large enough for 
the work, and that you have a certain head of 
water to pump against and a certain suction 
lift, the motor, having a certain load, will 
run steadily; but if the suction lift or the head 
should change, the load would instantly 
vary, causing the speed of the motor to go up 
or down according to load. A great many 
of these motors are attached to centrifugal 
pumps which are used to automatically fill 
tanks. The motor may be started or stopped 
by placing a ball float in the tank, this float 
being connected to a special quick throw 
switch. This arrangement will automatic- 
ally start or stop the motor, depending upon 
the level of water in the tank. 

The shunt wound motor is next to be con- 
sidered. This machine will run at constant 
speed irrespective of load, and the torque 
will always be in proportion to the load. 

The shunt motor may be used to run all 
machines where a steady, constant speed is 
required, such as small printing presses, ven- 
tilating fans, group driving and those machines 
that do not demand a heavy starting torque. 

The speed of the shunt wound motor is 
usually regulated by means of a rheostat 
that inserts resistance in the armature step 
by step. If you have a 1 h.p. motor and wish 
to cut the speed down to 50 per cent. of the 
normal, the armature regulator not only cuts 
the speed in half, but also reduces the horse- 
power in the same proportion. The power 
consumed at this low speed is still 1 h-p., 
the other half horse-power being wasted in 
the resistance in the form of heat. It is not 
well to use this method of regulation in sizes 
larger than lor 2h.p. This does not apply 
to shunt wound motors driving ventilat- 
ing fans, however, because at low speed 
there is practically no load on the fan, but 
us the specd increases the power increases 
about in the ratio of the cube of the speed. 
Motors for fan work, with this means of 
regulation, can be used in sizes from the 
sinallest to about LO hep. In larger sizes it 
is better to use the combined armature and 
field control, as it is much more economical, 

The armature method of regulation is not 
an econouieal one, nor is it suitable for most 
machine tools, because if the speed of the 


motor is cut down to one-half, and the load 
lightens up, the speed will go up, thus 
giving a very unsteady drive. The speed 
will always be dependent upon the load, 
within certain wide limits. 

For example, take a boring mill cutting a 
large circular casting, one quarter of which 
is cast out of reach of the boring tool. We 
will assume that the tool is cutting on the 
portion of the casting which is three-quarters 
of the circle, and that the motor ts running 
at one-half speed; then, as soon as the cutting 
tool reaches the end of this three-quarters, 
the machine does no work, and the motor 
immediately speeds up. After the tool 
traverses the open quarter of the circle and 
strikes the casting again, the speed is so great 
that the tool is either likely to be broken 
or the casting injured. 

The only proper method of speed control is 
to insert resistance in the field coils. With 
this arrangement the power remains the same 
throughout the entire speed range. from 
normal speed to maximum speed, and at anv 
one point in this range the motor will run at 
practically constant speed from no load to 
full load. 

When a machine, with a reciprocating 
motion which reverses and tends to lower 
the speed, is to be electrically driven, or when 
a machine is required to start with a heavy 
load, a compound wound motor is necessary. 

In this stvle of motor the proportion of the 
shunt field ampere turns to the series field 
ampere turns is in the ratio of 4 to 1, this 
winding enabling the motor to develop a 
powerful starting torque. For steady speed 
running the compound wound motor almost 
equals the shunt wound machine, and can be 
used to great advantage for operating flat 
bed printing presses, planers, elevators, rock 
crushers, punches, shears and air compressors, 
and any machines which have a varying 
load. 

In adapting motors to individual driving 
of machines. we have found that a shunt 
wound, variable speed motor may be very suc- 
cessfully used. This type of motor is similar 
to the regular shunt wound machine, except 
that the fleld coils are made extra heavy. 
Instead of regulating the speed by inserting 
resistance in the armature, as is necessary for 
the series wound machine, the shunt wound 
variable speed motor is regulated by placing 
resistance in the held circuit. A5h.p. motor, 
with 3 to l speed range. and having a normal 
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speed of 500 r.p.m., can be increased in speed 
by field control to 1500 r._p.m. This repre- 
sents an increase of 1000 revolutions above 
the normal speed, and if a controller with 20 
points is used, this range of 1000 revolutions is 
divided into 20 steps of 50 revolutions per step. 
When a motor is regulated by field control, 
the horse-power remains the same through- 
out the entire range of speed, due to a pro- 
portional decrease of torque with increase of 
speed, and vice versa. By this method, but 
little power is wasted in heat, as compared 
with the system of armature control. 
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for 500 volts, on account of the vicious 
sparking at the commutator on weak field. 
With the interpole motor this trouble en- 
tirely disappears. Railway motors and many 
types of generators are now being equipped 
with these commutating poles, and are very 
much improved by them. 

Figs. 1 and 2 yive a comparison between 
the performances of two 72 inch engine lathes 
of the same make, one being belt driven and 
the other motor driven. 

Fig. 1 shows the cutting speeds and the 
time taken to face a 72 inch cast iron disc, 
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Fig. 1. Cutting Speeds and Time Required to Face a 72-inch Cast Iron Disk 
Using Three Steps on the Cone Pulley 


The variable speed motor is ideal for engine 
lathes, shapers and all machines where it is 
necessary to run steadily on any one point 
of speed, from no load to full load. 

The larger sizes of shunt wound variable 
speed motors are being built with commuta- 
ting poles placed between the regulator field 
magnets, the object of these being to prevent 
all sparking on the commutator when the 
fields are weakened. The winding on the 
interpoles is in series with the armature. 
This type of motor is also regulated by field 
control, and is especially satisfactory for use 
on 500 volt circuits, many motor builders 
refusing to build ordinary field control motors 


from a maximum diameter of 72 inches toa 
minimum diameter of 6 inches, using three 
different steps on the cone pulley; the time 
for shifting the belt from one cone to the next 
not being included. 

The cone pulleys on a mechanically driven 
tool do not permit the tool to start at the 
maximum cutting speed; and in this case, 
the mechanic, having no guide but his eye, 
did not change the speed on the cone pulley 
as soon as desirable for the greatest pro- 
duction. 

Fig. 2 shows a test on a similar lathe doing 
the same work when driven by a motor. 
With the electrically driven tool, the cut 
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begins and ends at the maximum cutting 
speed permitted by the work. 

As will be seen from the curves, the belt 
driven lathe required 59 minutes to complete 
the cut, while the motor driven machine did 
the same work in 31 minutes. The elec- 
trically driven tool, therefore, accomplished 
the work in 53 per cent. of the time required 
by the belt driven lathe. 

Motors can be furnished semi-enclosed or 
totally enclosed, and when a motor thus 
arranged is run intermittently or with an 
intermittent load, it will deliver its full 
horse-power without overheating; but if the 
motor is run continuously, it will not deliver 
full rated power without an excessive rise in 
temperature. For example, take a 2 h.p. 
motor running without covers. You get 
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Induction Motors 


The wide field of application of the poly- 
phase induction motor is due to the many 
advantages inherent in its design. It is 
extremely simple and may therefore be built 
to withstand hard usage, and may be run 
continuously in exposed locations and under 
unfavorable conditions. The absence of a 
commutator contributes much towards this 
reliability, and at the same time reduces the 
items of maintenance and repairs. The 
efficiency obtained in this motor over wide 
load ranges, and the small amount of atten- 
tion it requires while running, make it 
compare favorably in cost of operation with 
motors of any other type. Other advantages 
may be briefly summarized as follows:— 
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Fig. 2. Cutting Speeds and Time Required to Face a 72-inch Cast Iron Disk 
With Lathe Driven by Motor with Field Control 


2 h.p. with a temperature rise of, say, 45 
degrees, and a current of 15.7 amperes on 
115 volt circuit. When semi-enclosed, the 
horse-power for continuous operation is 1}, 
with a temperature rise of 45 degrees and a 
current of 13.9 amperes. When _ totally 
enclosed, the horse-power is still 1}, with a 
temperature rise of 60 degrees and a current 
of 13.9 amperes. Take another size; for 
instance, a 15 h.p. moderate speed motor 
wound for 115 volts; when running open the 
motor develops 15 h.p. with a temperature 
rise of 45 degrees and a current of 111 amp- 
eres. When this motor is semi-enclosed for 
the same temperature rise the horse-power 
is 10, with a current of 74.5 amperes. 
When totally enclosed, with a temperature 
rise of 60 degrees, the horse-power is only 7, 
and the current 52.8 amperes. 


Ability to carry large overloads for con- 
siderable periods without serious overheating ; 
entire absence of sparking, permitting it to be 
used in powder mills, gas houses and other 
places where direct current motors would be 
dangerous; quick and certain starting under 
full torque, and simplicity of starting 
gear, 

In order to choose the proper motor to be 
used for a certain purpose, it is necessary to 
look into the advantages and disadvant- 
ages of the various types of induction 
motors. 

First, we will take up the single-phase 
motor. The field for the use of these motors 
of moderate capacity is constantly growing 
by reason of the increasing tendency of 
central stations to generate polyphase current 
and feed a large portion of the lighting load 
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through single-phase distribution. Power is 
frequently required near such circuits for the 
operation of light machinery. 

The motor is rendered self-starting by 
means of a starting box containing resistance 
and reactance, and a double-throw switch 
for the 1 h.p. motors and larger. The switch 
is first thrown to the starting position, and 
when the rotor has attained almost full speed 
is quickly thrown over to the running position, 
the object being to first connect the resistance 
and reactance in circuit with the motor and 
then to disconnect it. 

The starting box furnished with the } h.p. 
and 4 h.p. motors has a single-throw spring 
release switch. To start these motors, the 
operator holds the switch blades down on the 
lower contacts until the rotor has reached 
almost full speed, then upon releasing the 
switch handle, the blades spring up into the 
running position. 

Next come the two and three phase in- 
duction motors; the latter being now the 
standard alternating current motor. The 
two and three phase machines are made in 
forms K, L, and M. 

The form K motor has a low resistance 
squirrel-cage armature, and is started by 
means of an oil-immersed starting compen- 
sator. This motor can be used in dusty 
places, gas houses, powder mills, or where 
it is to be controlled from a distance. The 
use of this type of motor is limited in some 
places, on account of heavy starting cur- 
rent. 

The form L motor has the same field wind- 
ings as the form A, but the armature is wire 
wound, and has a starting resistance attached 
to the armature spider, which is cut in and 
out of circuit with the armature windings by 
means of a connecting rod or lever. This 
form of motor is used more than any other on 
account of the low starting current required. 
The operation of the K and L motors is the 
same when up to speed. 

The form M motor is designed for varia- 
ble speed service, such as cranes, hoists, 
dredges, etc. Speed changes are obtained 
by means of an external adjustable resistance 
in the rotor or armature circuit. This resis- 
tance is usually made up in the cast iron grid 
form, and is connected with a drum type 
controller having 8 or 14 points for speed 
control. 

The terminals of the armature winding are 
brought out to collector rings mounted on the 


shaft and fitted with brushes, to which the 
wiring from the controller and resistance is 
connected, 

Suitable resistance can be furnished for: 

First. Starting duty only. 

Second. Starting resistance only from 
zero to half speed, and from half to full speed. 
The resistance is made heavy for continuous 
operation on any one point, when used with 
motors hoisting with a long lift. 

Third. For continuous duty on any point 
from zero to full speed. This is used when 
operating calender rolls for any length of time 
on any one speed, 

The form M motor for constant speed 
continuous running is made from the same 
frame as the form L, and the armature fitted 
with collector rings. This same motor, when 
used intermittently for crane or hoist duty, 
can be rated 50 per cent. higher than the 
continuous duty motor. 

The form M motor is especially suited for 
running hydraulic elevators, an outfit for 
this work consisting of a form M motor 
geared to a triplex pump, a drum type con- 
troller and set of starting resistances. The 
controller is fitted with a pinion and rack 
which is connected to a Mason water regu- 
lator, and this in turn is connected to the 
water service pipe in the building. The 
Mason regulator has a diaphragm which is 
set for a given water pressure in the receiver 
tank connected to the plunger elevator. When 
this pressure falls 5 lbs., the diaphragm opens 
the valve to the regulator, and its piston 
slowly turns the controller of the motor until 
the motor is up to speed. The motor con- 
tinues to run the pump until the pressure has 
reached its normal point in the receiver tank; 
the regulator then shuts off the current to 
the motor and the pump stops, and remains 
at rest until the pressure in the receiver tank 
falls again. A number of these outfits are in 
daily use under severe conditions, and to my 
knowledge have never given one minute of 
trouble. 


As a general summing up, the advantages 
of the electric drive are:—Saving of power; 
greater flexibility; better light and ventila- 
tion, since there is no obstruction by shafting 
and belting; absence of dirt and grease thrown 
about by shafting and belting; reduced fire 
risk; reduced cost of repairs; and entire 
absence of power loss when machines are not 
in operation. 
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INFLUENCE OF WAVE FORM OF E. M. F. ON CORE LOSS AND 
EXCITING CURRENT IN TRANSFORMERS 


By L. T. Ropinson anp O. Hoiz 


GeneRAL Exvectric STANDARDIZING LABORATORY 


One of the most important tests in connec- 
tion with the manufacture and use of trans- 
formers is the determination of their core loss. 
This loss varies through quite wide limits when 
the determinations are made using waves of 
impressed electromotive force having different 
shapes. 


On account of the existing difference be- 
tween the core loss for various e.m.f. waves 
it is desirable to state all such losses in terms 
that allow of their direct comparison. For 
various reasons the sine wave is most desirable 
for general use and most modern generators 
are constructed to produce such a wave; 
therefore, any core loss should be stated in 
terms of the loss occurring on a sine wave, 
and any losses determined on other than sine 
waves should be corrected to that standard. 
The exciting current is also of interest and the 
effect of wave form variations on this quan- 
tity is also something which should be cor- 
rected for and the results reduced to the same 
standard basis. 

The core loss consists of two components, 
that due to hysteresis, and that due to the 
eddy currents in the iron sheets. 

The effect of wave form variations on these 
two components will be considered separately 
and in the order given. 


The fact is well known that the hysteresis 
loss is proportional very approximately to the 
1.6 power of the maximum magnetic density. 
It is, therefore, necessary to find the relation 
between the wave shape of e.m.f. and this 
maximum, 

Neglecting the small J K drop of the excit- 
ing current which is also out of phase with the 
impressed e.m.f., we have: 

ey 

e= K di (1) 
where e is the instantaneous value of the 
e.m.f. impressed and B is the corresponding 
density within the transformer iron. K is a 
constant, depending on the cross section of 
core, the turns of winding surrounding the 
same and the conventional relation between 


e and B. 
‘.edt=KdB (2) 
%, °B max 
and f'edt=K4dB (3) 
“ot  B sero 
or ¢ average (t, — t;) = K Bmax. (4) 


where /, is the time at the beginning of inte- 
grating and /, that at the end, t, — ¢, represent- 
ing the time taken for the flux wave to pass 
from 0 to maximum value. Equation 4 ex- 
presses the fact that the maximum density 
is proportional to the area of the e.m.f. curve 
between #, and 4). 

The flux curve is at its maximum point 


‘ dB 
when the electromotive force curve Ee 


is zero; or conversely, the flux has reached its 
maximum when e = 0. 

In an alternating current circuit as much 
flux enters as leaves the core; it follows that 
the positive area, expressed by e (t, — ¢,) of 
the e.m.f. wave must equal the negative 
area of the e.m.f. wave between ¢, and 4,, 
where ¢, is the point of maximum negative 
e.m.f.; that is, the area to the left of the max- 
imum #8 ordinate must equal that to the 
right of the maximum; hence the area of 
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the e.m.f. wave from ¢, to 4, is proportional to 
the maximum flux B. Half the area of the 
em.f. wave determining the rise and the 
other half the descent of the flux wave. 

It is sometimes desirable to draw the wave 
of flux from the wave of emf. Bisect the 
area of the e.m.f. wave and plot B ordinates 
proportional to the small areas a,, a, + a;, 
a, +a, +a,, etc.,as shown in Fig. 1. The sum 
of all the small areas so shownis, e (t, —#,) and 
the sum of all the small flux increments corres- 
ponding to the areas a,, a,, ay, ete. is the 
total or maximum flux or density B. Thus 
again 4 the area of the e.m.f. wave is pro- 
portional to the maximum B and _ conse- 
quently the whole area is proportional to 
this quantity also. 

The area of any wave equals the average 
ordinate times the abscissa, and for different 
waves having the same abscissa or time, the 
areas and maximum fluxes are proportional 
to the average e.m_f. 

To compare two e.m.f's. of different wave 
shape they must first be reduced to the same 
a.c. voltmeter reading, or effective value; 
consequently the core loss, due to an e.m.f., 
a, is to the core loss due to an e.m-f., 6, as 


( average e.m.f. of a \p« 
effective e.m.f. of a 


( average e.m.f. of y 


effective e.m-f. of 6 


is to 


The ratio of the effective emf. to the 
average e.m.f. is called the form factor of 
the wave. That is, the core loss due to a, 
which we want to compute from the core loss 
due to 6 (which latter we have found by test), 
equals: 


form factor b 


core loss of b x 
form factor a 


That is, the greater the form factor, the 
smaller the core loss. 


The form factor for a sine wave is 1.11, 
for a rectangular wave 1.00, and for a pointed 
wave it can reach almost any assignable 
value; theoretically, the limiting value is 
infinity. 

The flux wave may also be recorded directly 
by moving two brushes, separated by an 
angle corresponding to half a cycle, around 
a synchronously driven commutator to which 
is connected the e.m.f. to be investigated. 
The readings on a direct current voltmeter 


connected to the brushes are proportional to 
the instantaneous flux in the transformer 
core; and these readings, obtained step by 
step, and plotted or recorded continuously, 
will give the B curve. 

The flux wave can also be found by means 
of the oscillograph and a reactance without 
iron (the resistance of which is negligible as 
compared with its inductance), by taking an 
oscillogram of the current flowing through it 
when connected to the e.m.f. wave whose 
corresponding flux wave is desired. In this 
case the current wave 1s identical in form with 
the flux wave that would be produced in a 
transformer core, varying permeatility and 
hysteresis not entering as disturbing elements. 
R 
where F is the effective electromotive force 
induced in the sheet iron punehings, and 
which is of the same wave shape as the im- 
pressed emf. RK is the resistance of the 
laminzw to the eddy current. This eddy loss 
is not effected by wave shape unless self 
inductance is present, which cannot be as 
its presence would change the flux. This 
cannot occur as the flux is determined by the 
impressed emf. This eddy loss is an ? RK 
loss, and is therefore proportional to the 
effective value of the eddy current, and is not 
influenced by its wave shape. The eddy 
currents could be kept near the surface of 
the individual sheets due to skin effects, but 
as the lamin are thin, this effect cannot pro- 
duce appreciable variations in the loss at 
commercial frequencies; especially as the 
skin effect varies only as the square root 
of the frequency. Supposing a transformer 
has an eddy current loss (as found by a 
separation test of losses made at differ- 
ent frequencies at the same e.m.f.), amount- 
ing to 20°; of its total loss. Suppose it has 
an SO‘, hysteresis loss and that we have found 
the form factor of the wave to be 1.25. We 
want to know what will be the core loss with 
the transformer connected to a sine wave. 

We have 


We oA, 1.23 
- ) SO on 
: 1. 7? 
that is, the loss will be 23°; higher than that 
found in the test. 
The effect of wave form on the exciting 
current will be considered next. 


The eddy current loss is equal to 


(Te te contommed) 
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THE TANTALUM LAMP 
THE SALVATION OF OVERLOADED SYSTEMS 


By Outver F. Brastow 


The late President McKinley once re- 
marked that the word ‘cheap’ was not 
attractive to him, and in the same sense, the 
mere word ‘expensive’ is meaningless. The 
first cost of an article cannot be considered 
high or low until its real value has been deter- 
mined. not only from a utilitarian, but from 


Fig. 1. Tantalum Lamp 


an investment standpoint, This statement 
suitably sets forth the commercial position 
of both tungsten and tantalum lamps. 

The latter will be considered in some detail 
for the reason that this form of high etficiency 
lamp, at the present time at Icast, seems to 
be the most popular by reason of its avail- 
ability in small units. This is. however, but 
a temporary consideration, because the tung- 
sten already shows promising character- 
istics, and furthermore. the mechanical fea- 
tures of the tantalum lamp are essentially 
ditticult to perfect. Many thousand tantalum 
lamps have been sold during the past few 
months; and it is gratifving to know that this 
type of lamp, now being produced on a large 
scale in the United States, shows a very 


marked improvement over the imported 
article that was first offered for sale in this 
country. 

While exploiting the sale of the tantalum 
lamp in New England, the writer found some 
very interesting cases where the lamp in 
question served its purpose so acceptably 
well that its use was relatively not expensive. 

In presenting the merits of tantalum lamps 
to prospective customers operating isolated 
plants, the first question which may profit- 
ably be asked by the salesman is, “Have vou 
sufficient capacity?"' If a negative reply is 
given. then the prospective customer can 
certainly be interested in the lamp. The 
writer has disposed of many thousand tan- 
talum lamps to customers whose generators 
were previously overloaded, and in every 
instance the most satisfactory part of the 
transaction was that the customer was greatly 
benefited by his purchase, and realized the 
fact. 

A concrete example will serve to illustrate 
the most practical application of the tantalum 
lamp. The superintendent of a certain small 
industrial plant was approached with the 
regulation preliminary question on the sub- 
ject of his lighting, and it was found that a 
thousand 16 c-p., carbon filament lamps 
constituted a heavy and excessively danger- 
ous overload on both his engine and generator. 
An indicating wattmeter showed that the 
lamps installed Were taking 65 watts each, 
while the 20 ¢.p. tantalum lamp, of course, 
showed 40 watts. The proprietor was not 
slow to appreciate the difference that’ the 
new lamp Would make, and an order for one 
thousand was secured. He had previousiv 
insisted on buying a very ordinary incan- 
descent lamp because of its “cheap” price; 
its only cheap feature, however, being its 
first cost. as Was sadly acknowledged later. 
Let us consider What the change from the 
cheap variety to the tantalum lamp was 
really Worth in this instance, 

A gain in capacity of 25 kw. was secured, 
and at an estimated cost of $100 per kw. 
(which is a fair valuation in this case. for 
engine, boiler, generator capacity, etc.), this 
amounts to $2500.00. 
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Interest on the above at 5 per cent. $125.00 
Depreciation at 6 per cent. 150.00 
Taxes andinsurance. . . . . 25.00 
Cost of operating 2500 kw. for S00 
hours (the life of the lamp) at 2 
cents per kw. hr. 400.00 


$700.00 


Difference in cost of 1000 tantalum 
lamps and the cheap lamps form- 
erly used ee 340.00 


Saving $360.00 

This saving does not take into account the 
time and trouble necessary to make the 
change, although as an offset to this expense 
the remarkably enlarged capacity obtained 
from the existing plant with identically the 
same main or initial installation must be 
considered. Many other cases of a similar 
nature could be mentioned, but the one 
described is typical of many existing instances 
and clearly illustrates the value of high 
efficiency lamps in small units when used 
under proper conditions. 

Another important consideration in con- 
nection With the tantalum lamp is the advan- 
tage to be gained by the use of anv highly 
economical lamp When operating on a meter 
basis. This is made evident by a very simple 
calculation, which can be easily performed 
by the average laymen. 

The tantalum lamp is but a forerunnner of 
better things to come, and the day is not far 
distant when the most humble cottage will 
be electrically lighted, and kerosene will have 
a most worthy and overwhelming competitor 
in a lamp giving light at about 1 watt per 
candle-power. At such a time the central 
station will enjov a tremendous increase of 
patronage; it will be recognized as the only 
logical purvevor of power for illuminating 
purposes, and the general adoption of domes- 
tic heating units will be remarkable, Small 
isolated plants will disappear, and the new 
lamp will mark a definite advance in the 
achievements of civilization. 

Light has been employed as an emblem of 
welfare, prosperity and happiness since the 
beginning of the world, and the producer of 
an inexpensive and satisfactory means of 
providing the small customer with good light 
will be numbered among the world’s bene- 
factors. 


POLYPHASE MAXIMUM WATT 
DEMAND INDICATOR, 
TYPE “W” 

By W. F. Howe 


Commercial maximum demand indicators 
have hitherto been confined to devices which 
would indicate the maximum ampere de- 
mand only, and which were obviously not 
suitable for recording the maximum load on 


Fig, 1. Polyphase Maximum Watt Demand Indicator 


alternating current circuits of other than 
unity power factor and constant voltage. 
In many cases, particularly in motor installa- 
tions, it is necessary to know the actual maxi- 
mum watt consumption, and for this reason 
the General Electric Company has designed 
a Polyphase Maximum Watt Demand Indi- 
cator, two views of which are shown in Figs. 
1 and 2. 

This instrument will indicate correctly, 
within commercial limits, on two or three 
phase circuits, with balanced or unbalanced, 
inductive or non-inductive loads. It may 
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also be used on single phase circuits by mak- 
ing the proper connections. 

The device is, in its essential elements, 
a type “ D-3"" polyphase wattmeteft with both 
electrical elements acting on the top disk, 


Fig. 2. Maximum Demand Indicator. Cover Removed 


together with a very strong damping system 
acting upon the lower disk to provide the 
necessary time lay. In place of the usual 
register, there is provided a single graduated 
dial and two pointers, one of the latter being 
driven through a train of gears by the moving 
element of the indicator and indicates the 
energy passing through the device at any 
moment, subject to a correction due to the 
time lag. The second pointer is driven by 
the first, and is left at the maximum position 
reached by the latter, being held in place 
by a ratchet. This second pointer indicates, 
then, the maximum energy which has passed 
through the device since it was last set. The 
maximum demand pointer is re-set to the 
zero position by a thumb nut which may be 
sealed to prevent meddling by unauthorized 


persons. As this device is for the purpose 
of indicating, and not recording the amount 
of energy passing through it, the motion of 
the rotating element is opposed and controlled 
by phosphor-bronze springs. 

The torque is proportional to the energy 
flowing through the device, and this, in con- 
nection with the spring control, gives a uni- 
formly divided scale. 

The degree of time lag, or in other words, 
the length of time required for the pointer 
to reach its maximum position, will depend 
upon the torque of the motor elements and the 
strength of the damping magnets. By chang- 
ing these variables, the Polyphase Maximum 
Demand Indicator may be arranged for a 
time lag, ranging from one minute to thirty 
minutes. An indicator having a definitely 
rated time lag may, by an adjustment of the 
damping magnets, be given another time lag 
differing from the original by from ten to fif- 
teen per cent. These indicators are rated 
by defining the time lag as 90 per cent. of 
full scale, for the reason that between 90 per 
cent. and 100 per cent., the movement of 
the pointer is very slow compared to the speed 
from zero to 90 per cent. The character of 
the pointer movement is shown in Fig. 3. 


10 
Ime in Mirates 


Fig. 3 


The Polyphase Demand Indicators, in 
sizes above 25 horse-power capacity, are made 
with the same ratings as polyphase meter, 
for both secondary and primary circuits. 
Dimensions, connections and finish are prac- 
tically the same as the ‘“D-3"' polyphase 
meter. 
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THREE-PHASE TO TWO-PHASE TRANSFORMATION WITH 
SPECIAL REFERENCE TO CORE TYPE TRANSFORMERS 


, By W. J. WooLprIDGE 


Attempts have at times been made to 
operate regular single-phase core-type trans- 
formers on three-phase primary two-phase 
secondary circuits, and as these attempts 
are often not successful it seems advisable 
to point out as briefly as possible the reasons 
for such failures, with the hope that a clearer 
understanding of the conditions in the wind- 
ings may prevent the trouble, sure to result 
from wrong practice in this particular. 

In the transformation of power by means 
of the T connection there arise certain pe- 
culiar current and voltage relations which 
at first sight are liable to escape ordinary 
observation, but if disregarded are sure to 
result in serious unbalancing. The relation 
between the currents on the two sides of the 
primary winding of the main transformer 
make it absolutely necessary, if this distor- 
tion is to be avoided, to ‘“‘balance’’ each 
half of the winding on the legs. 

In the accompanying figure, a, b, A, are 
the primary and secondary of the main trans- 
former in the T connection, and c, C, cor- 
responding coils of the teazer transformer. 
Considering current I; amperes drawn from 
the secondary A of the main transformer, 
an equivalent current must then flow through 
the primary a, b. With current I, taken 
from the secondary C of the teazer transform- 
er, the equivalent primary current must be 

» 
V 3 15 
which is 90 degrees out of phase with the 
current in the main transformer. This teazer 
current divides into two parts; one half, 
I 

v3 
flowing in main b, and the other half in main 
a. Since this current flows in opposite direc- 
tions in the two halves, and, as above stated, 
is 90 degrees out of phase with the main cur- 
rent, it lags 90 degrees behind the main 
current in one coil and leads by 90 degrees in 
the other. 

These extra currents have no equivalent 
secondary current in the main coil, since 
they are equal and flow in opposite directions 
in a and b, and therefore neutralize each 
other as far as magnetizing effect is con- 
cerned. 


Hence the coils a and b may be considered, 
with relation to the teazer current which 
flows in them, as a single-phase transformer, 
one coil being the primary and the other coil 
the secondary. 

In any core-type single-phase transformer, 
the secondary is never wound all on one 
leg and the primary all on the other leg, 


because such an arrangement would intro- 
duce a large leakage flux, the effect of which 
is to increase the reactance of the transformer. 
The primary and secondary coils are always 
placed as near together as good insulation 
permits in order to reduce to a minimum 
the flux which does not link both coils. 

If these same precautions are not taken 
in connection with the main coil of the T 
transformer, a large reactance drop will 
result. This reactance drop is 90 degrees 
ahead of the teazer current, and since the 
teazer current in the main coils lags 90 de- 
grees behind the main current in one core, 
and is 90 degrees ahead of the main current 
in the other core, with a non-inductive load 
the reactance drop in one coil is in phase 
with the electromotive force across the coil, 
and opposite in phase to the electromotive 
force across the other coil. Therefore the 
reactance drop increases the voltage across 
one side and decreases it across the other 
side of the main coil. 

The necessity of reducing the reactance 
between the two sides, by balancing each 
side of the main coil on each leg, to prevent 
this distortion, is easily understood with the 
above facts in mind. 
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ELECTRICALLY EQUIPPED HOSPITAL LAUNDRIES 


By W. 


The Philadelphia Hospital Laundry affords 
a good example of the readiness with which 
electricity may be adapted to laundry work. 
The building in which this laundry work is 
done is a one-story substantial stone structure, 
having 10,500 feet of floor space divided into 
one large room and a boiler room. It is well 
lighted during the day by windows and a 
skylight extending the full length of the 
building, and by are lamps at night. The 


H. Rve 


‘ 
efficiency. One of the serious problems 
which the management had to face in con- 
templating a change in the methods then 
employed, was the fact that the inmates of 
the Institution did all the hand-ironing, and 
that whatever system was finally adopted, 
should be fool-proof, to avoid damage by 
overheated and soiled irons, as many of the 
inmates were fecble minded. The electric 
iron solved the problem. 


Fig. 1. Electrical Laundry, Showing Boards in Position for Work 


boiler room contains one {4 h.p. and one 
125 hp. water tube boilers, which supply 
steam at both high and low pressures for the 
general laundry work. There is also in this 
room a 50 h.p. motor, belted to a shafting 
which extends the full length of the building, 

The large room contains the washing 
machines, centrifugals, convevors, hurricanes, 
mangles, etc., which are directly belted to the 
line shafting; the end of the room is used for 
the hand-ironing department. It was orig- 
inally arranged for stove-heated irons, and 
little or no thought was given to modern 
construction, representing convenience and 


Mr. Search, manager of the laundry. 
devised a special arrangement of ironing- 
boards, which is unusually compact and con- 
venient. Two horizontal pipes 14 in. in‘ dia- 
meter, located three feet and seven feet from 
the floor, respectively, are supported by three 
vertical pipes extending from the floor to the 
cviling. Above the second pipe is fastened 
a lin. by Gin. board, on which are mounted. 
over each ironing board, a keyless receptacle 
and a single-pole knife switch. At nght 
angles to the board, a horizontal arm 23} feet 
long is secured, and to the end of this arm is 
fastened a spring for keeping the attaching 


NOTES 


cord taut when the iron is in use, Below the 
lower horizontal pipe, and parallel to it, is 
a semi-circular wire basket, used as a catchall. 

The broad end of the ironing-board is 
hinged to the lower horizontal pipe, while the 
small end is supported by a movable arm, 
which, when in use, fits into a floor socket, 
Fig. 1 shows the position of the board when 
in service. 

When not in use, the boards are raised to a 
vertical position, and are clamped to the 
switchboard, which is mounted on the upper 
horizontal pipe. Fig. 2 shows the position 
of the boards when not in service. 

On the broad end of each board is bolted a 
special three-deck stand, having side clamps 
for holding the iron when the board is not in 
use and in a vertical position. The iron 
used is the standard 6-pound. 110 volt 


Fig.2. Showing Position of Boards when not in Service 


cartridge unit type, built by the General 
Electric Company. There are 48 of these irons 
installed, and an average of 07,000 pieces are 
ironed here each month, with the inmates 
working eight hours per day. With the same 
number of irons, it has been found that 
from 20 to 30 per cent. more work is done 
now, than formerly, with the additional 
advantage of securing better work, and 
easier labor for the workers. 

While the equipment of this laundry 
demonstrates the three distinct uses of elec- 
tricity; namely, for purposes of light, power 
and heat, it shows particularly the value of 
electricity for heat. 
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NOTES 
PERFORMANCE OF A SMALL TURBINE 


The following letter, recently written by 
the Manager of the Lighting Department of 
the General Electric Company's Chicago 
office, to one of the Company’s engineers at 
Lynn, gives an instance of the splendid ser- 
vice afforded by Curtis turbines, often under 
very adverse conditions: 

“The engineer in charge of the train light- 
ing equipments for the C. B. & Q. Railroad 
was in to-day and told me that only a few days 
ago they operated one of our 25 kw., 125 
volt non-condensing Curtis turbines at 45 
Ibs. steam pressure, and were able to carry 
ISO amperes at 110 volts. This was such a 
remarkable showing that | was much inclined 
to question the accuracy of his figures, but 
he insists most positively they are right. 

‘‘He tells me that when the Chicago City 
train pulls out of Kansas City, the turbine 
is located in the rear end of the third car back 
of the locomotive, and that they never get 
over 60 Ibs. pressure until after one or both 
of the mail cars ahead of the turbine car are 
cut out, but that notwithstanding this they 
are able to carry their load.” 


* * * * 
PITTSFIELD SECTION A.I1.E.E. 


The Pittsheld Section of the A-IE.E. 
held its seventh meeting of the season at 
Hotel Wendell on February 6th, Ninety 
members were present and heard a very in- 
teresting talk by Mr. E. J. Berg upon the 
“Phenomena Occurring on High Voltage 
Power Transmission Lines.” 

Mr. Berg accompained his remarks with a 
number of diagrams and formule and gave 
actual figures obtained by tests made under 
operating conditions. The subject was han- 
dled in a clear and effective manner. 

A brief discussion followed the address in 
which interesting comments were made by 
Mr. C. C. Chesney, Mr. W. S. Moody, and 
others, 

At the meeting of the Section held on Janu- 
ary 4th. a new departure was tried and an 
informal smoker washeld. Answers were given 
to a number of questions covering a wide 
range of subjects, which had been handed in 
previous to the meeting, the chairman calling 
on various members present for replies, As 
an experiment the results were satisfactory 
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and it is probable that similar meetings will 
be held in the future. 

The meeting scheduled for February 21st 
Was postponed, due to a conflict of dates 
with the annual banquet of the University 
Club of Berkshire County, many members 
of the Pittsfield Section being interested in 
the latter affair. 


* * * * 


In the article on “Illumination of Niagara 
Falls" in the February issue of the “GeEn- 
ERAL ELectric Review,” we inadvertently 
omitted to explain the excellent view on page 
119 and failed to give proper credit for it. 
The view is a photographic representation of 
the effect of night illumination of Niagara 
Falls, for which credit should be given to Mr. 
Geo. E. Curtis, the well-known Niagara Falls 
photographer. 


BOOK REVIEWS 
EXPERIMENTAL ELECTRICAL ENGINEERING 
By V. Karapetoff 
John Wiley G& Sons. 790 Pages. Price $6.00 


Up to within the past two or three years, there 
was a relative dearth of electrical books that dealt 
with the science of electrical engineering as a whole, 
and a student must needs have purchased a small 
library if he desired to familiarize himself with the 
different branches of the subject. One book would 
treat of generators and perhaps motors, another of 
railways, aad yet others of hghting, power trans- 
mission, etc, ecently, however, several authors 
have written general treatises, ‘t Experimental 
Electrical Engineering’ by V. Karapetoff being 
the latest book of this description. This work is 
essentially a text book to be used under the guid- 
ance of a teacher and with his supplemental instruc- 
tion, as a number of formule and mathematical 
expressions are given and the method of their deduc- 
tion omitted. For this reason the book does not 
seem to be especially well adapted for self instruc- 
tion. 

The author advocates the so-called “‘concentric 
method of teaching’’ and the book is so arranged as 
to be used in this manner if desired. By the con- 
centric method the student is first ‘introduced to 
the whole scope of his profession, though in a very 
elementary and popular manner," in order that he 
may secure a general view of the subject. Later, he 
covers the same subject a second, third or more 
times, the repeated courses increasing in difficulty 
as he advances. 

In addition to its use in the college laboratory 
the book is of value as a reference work for engineers. 


ELECTRICAL ENERGY, ITS GENERATION, 
TRANSMISSION AND UTILIZATION 


By Ernst Julius Berg 


McGraw Publishing Co. 198 Pages. Price $2.50 


This book, which owes its origin to a course of 
lectures given during the last few years by Mr 
Berg at Union University, is one of the most im- 
portant and valuable additions to the literature of 
electrical engineering that has appeared during 
recent years. It deals with the application of the 
science of electrical engineering to the practical design 
and operation of modern electrical plants, covering 
the field in a manner that is SerourS and at the 
same time very easily understood, hat is, while 
mathematics is used when required, mathematical 
formulism is avoided wherever the problems and 
their solution can be made clear without it, and the 
book will therefore be very useful to those engincers 
who do not care for extensive mathematical investi- 
gations. 

The most important and valuable feature of 
the book is the broad and general point of view 
from which the subject is treated. It is not written 
by a specialist in one branch of electrical engineer- 
ing, who in dealing with general problems would 
necessarily look at them from the point of view 
of his special branch; but by a man who for fifteen 
years has had a wide experience in all branches of 
the art, and who is therefore qualified to weigh and 
discuss in an impartial manner the relative advant- 
ages and disadvantages of the different methods. 
systems and apparatus entering into the modem 
electrical system, in their relation to design, con- 
struction, and operation. 


As our readers know, Mr. Berg has been for many 
years in the closest possible touch with the design 
of all electrical apparatus and systems as well as 
the investigation and development work of the 
General Electric Company. e has thus acquired 
a broad and Gene ehh experience in the sub- 
ject dealt with in his book, 

The present volume deals in the first section 
with the transmission line, discussing the principles 
of design and calculation as affected by the practical 
requirements of operation under normal and abnor- 
mal conditions. In the second section the gen- 
erating system is taken up and discussed in the same 
broad and thorough manner, not only from the 
electrical side, but also in regard to the question of 
prime movers, such as reciprocating engines, steam 
turbines, gas engines, etc. 

As the book is easily read and well worth read- 
ing, an extensive review of the contents is hardly 
necessary. It is to be hoped that Mr. Berg will 
soon be able to follow this volume with a second 
one dealing with the receiving station and the uses 


of electrical power. 
C. P. STEINMETZ. 
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STANDARD RAILWAY CONVERTER SUBSTATIONS 


By J. E. Wooppripce 


Railway Converter Substations 

The requirements of direct current rail- 
road substations are so similar in the majority 
of cases that it is possible to adhere to a 


The apparatus required can also be reduced 
to the smallest number of different elements 


by the adoption of certain standards, espe- 
cially as regards voltages, machine capacities, 


Fig. 1. 16 Pole, 2000 Kw., 188 R.P.M., 600 Volt Six-Phase Rotary Converter 


general equipment which will be approx- 
imately uniform and at the same time incor- 
porate all those factors which provide for 
safety, convenience of operation and economy. 


switchboards, and details of arrangement 
affecting design, such for example as the 
location of terminals, with resulting advan- 
ages to both purchaser and manufacturer. 
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The purpose of this article is to present 
the results of vears of experience in railway 
substation practice, and to give the standard 
voltages and capacities of apparatus for 
railway substations which have been adopted 
by the General Electric Company. 

The subject will be presented in the fol- 
lowing order: 

1. Standard transmission voltages. 

2. Standard features of apparatus. 


11.000 volts with delta connected trans- 
formers. 

19,100 volts with delta connected trans- 
formers. 

33,000 volts "VY" or delta connected 
transformers. 

57,000 volts “Y"' connected transformers. 

These voltages step up in the ratio of the 
square root of three to one, allowing the 
voltage of any system to be raised in case of 


Fig. 2. 10 Pole, 1500 Kw., 300 R.P.M., 575 Volt Six-Phase Rotary Converter 


(a) Converters 
ih) Transformers 
{c) Keactances 
(di) Blowers 
fe) Cables 
(Gj) Switchboards. 
3. Typical station designs and details, 


STANDARD TRANSMISSION LINE VOLTAGES 


The following three-phase voltages have 
been adopted by the General Electric Com- 
pany as standard for railway work 


extensions from one standard to the next 
higher by changing the transformer primary 
connections from delta to “Y."" The lowest 
voltage (11,000), is the only one suited for 
direct) generation without step-up trans- 
formers and is generally so installed. Such 
systems are not readily changed over, for 
which reason 1,100 volt transformers are 
delta connected only. On account of the 
prevailing use of 13.200 volts, transformers 
and switching apparatus can be supplied 
for this voltage also. 
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A frequency of 25 eveles per second has 
been adopted as the standard for railway 
work, 60-cycle apparatus being obtaimable 
for railways fed from lighting or other (0)- 
cycle systems, 


Substation Apparatus 

With the exception of cases where the 
alternating voltage must vary between un- 
usually wide limits, or where the substation 
machinery must be used to correct low power 
factors of other parts of the transmission, 


supphed from a source of constant potential 
withnot more than 10 per cent. resistance drop 
and with 20 per cent. to 30 per cent. reactance 
in the circuit. The 200 and 300 kw, 24-cvcle 
converters and the 100 and 200 kw. 60-cycle 
converters are wound for three-phase opera- 
tion, all the larger machines being wound for 
six phases. 


Foundations 
The standard rotary converters up to and 
including the 1500 kw. size are supplied with 


Fig. 3. Virginia St. Substation of the International Railway Co., Buffalo, N. Y. 
1000 Kw. Converters with Three-Phase Air-Blast Transformers 


rotary converters with transformers are 
preferable to motor-yenerator sets owing to 
their lower first cost, better ethciency, and 
simpler operation. 


Converters 

Standard rotary converters have been 
developed for 25 and (WO cveles. The standard 
railway machines are compound wound, the 
series field being designed for a compounding 
of 600 volts at no load and full load. when 


cast iron bases of the type shown in Fig. 2. 
These bases make the machine self-contained, 
but it is nevertheless advisable to grout under 
all of the edges of the base so as to avoid 
undue strains, No holding down bolts are 
required for machines with cast beses and 
no holes are provided for such bolt: 

With converters of over 1500 kw. capacity 
the pillow blocks and field frames are carried 
by sole plates which should be supported on 
a suitable foundation. The 1000 kw. and 
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1500 kw. converters can also be furnished 
without base frames, but with sole plates. 


Compounding of rotary converters is de- 
sirable where the load is variable, such as is 
the case with interurban railway systems. 
The purpose of the compounding is to com- 
pensate automatically for the drop due to 
line, transformer and converter :1mpedances. 
On account of the low power factors caused 
by over compounding, and the fact that sub- 
stations are customarily connected to the 
trolley at its nearest point without feeder 
resistance, over compounding is not recom- 
mended. An adjustable shunt to the series 
field is provided with each machine. 

Shunt wound converters are entirely sat- 
isfactory for substations in large cities and 
similar installations where, due to the larger 
number of car units demanding power, the 
load is more nearly constant. 


The Ratio of Conversion between the 
alternating and direct current voltages varies 
slightly in different machines, due to differ- 
ences in design, and the best operating con- 
ditions exist when the desired direct current 
voltage is obtained with unity power factor 
at the converter terminals, when loaded. 

The three and six phase machines require 
different voltages from the transformers, on 
account of the use of the diametrical connec- 
tion instead of the double delta for six-phases. 
The no-load A.C. voltages delivered from the 
transformers and best adapted to compound 
converters designed to give 600 volts D.C. 
with a variable load, are 370 for three-phase 
converters and 430 for six-phase. This gives 
a lagging current at no load, a leading current 
on overloads and unity power factor at about 
average load, 


Method of Starting 


Three methods of starting rotary converters 
are feasible; first, the application of alternating 
current at reduced voltage to the collector 
rings; second, starting the machine as a D.C. 
motor; third, the use of an auxiliary starting 
motor mechanically connected. 

The alternating current starting method 
has so many advantvyes over the other 
methods that it has been adopted as the 
standard by the General Electric Company. 
This method of starting is self-synchronizing, 
and therefore entirely eliminates the difficulty 
of accurately adjusting the speed under 
emergency conditions when the speed of the 


prime movers is liable to be variable. The 
ability to start a machine quickly and get 
it on to the line in the shortest possible time 
is a very great advantage inherent to this 
method of starting. It is possible for the 
converter to drop into step with its direct 
current voltage reversed from that of the 
bus to which the machine is to be connected, 
but the machine can easily and quickly be 
made to drop back a pole by a self-exciting 
field reversing switch on the machine frame. 
This method of starting makes the operation 
so simple that confusion and mistakes are 
greatly reduced under emergency conditions. 
As the apparatus used for starting is the 
same as that used for running, there is no 
need of any duplicate means of starting, thus 
reducing complications and simplifying opera- 
tion. 

The three-phase converters are started 
from one-half voltage taps in the transformer 
secondaries by means of suitable starting 
switches, and take approximately full load 
current fromthe line. The six-phase convert- 
ers are started from one-third voltage taps 
and take three-quarters to full load line cur- 
rent. These currents are less than the usual 
railway load fluctuations and are indistin- 
guishable from such fluctuations at any point 
ofa loaded system. At light loads the effects 
of starting converters are more perceptible, 
but are quite negligible on apparatus capable 
of carrying the railway load fluctuations of 
the converters when running. 

On account of the fact that 60-cycle con- 
verters take somewhat greater starting cur- 
rents than 25-cycle converters, and are gener- 
ally run from lighting systems where small 
voltage disturbances are more serious than 
on railway systems, methods for starting 
from either the alternating or direct current 
side are usually provided with such con- 
verters. 

A motor-starting arrangement is considered 
undesirable on account of the complications 
introduced, without any compensating advan- 
tages. 


Direct Current Connections 


Single-pole switchboard panels are used, 
the positive main bus bar being the only one 
on the board. The negative terminals are 
connected without switches to the negative 
or ground return bus bar, which may con- 
vemently be located beneath the converters. 
The sermes field is connected in the negative 
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side, and the equalizer, series field, shunt and 
field break-up switches are all located on the 
machine frame as shown in Fig. 2. The 
purpose of the latter switch is two-fold; 
first, as stated above, to reverse the direct 
current polarity when the machine drops 
into step with the polarity wrong; and 
second, to open the field circuit at starting. 
In order to reduce the induced voltage strain 
upon the field insulation when the machine 


switches should be on the side of the machines 
toward the switchboards. 


Mechanical Devices 

A speed-limiting attachment, which auto- 
matically opens the direct current circuit 
breaker when the speed of the machine ex- 
ceeds a predetermined value, is attached to 
the converter armature shaft on the collector 
ring end. This device is to provide against 


Fig. 4. Interior of the Palisade Substation of the Public Service Corporation, Newark, N, J. 
1000 Kw, Converters with Single-Phase Air-Blast Transformers 


is started from the alternating current side, 
this switch'tis made with four poles to break 
up the field circuits. 

These switches are mounted on the left 
hand side of the frame as viewed from the 
commutator end, This location should be 
kept in mind when arranging substations 
with the switchboard at one end. as these 


possible damage from excessive speed such 
as might occur when the alternating power 
is off, and energy, returning either through 
the direct current feeders or from a storage 
battery, causes the machine to run as a 
differential motor. 

An end play device, or oscillator, is attached 
to the other end of the armature shaft to 
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cause a slight reciprocating motion of the 
armature, thereby better distributing the 
wear of the brushes on the commutator and 
collector rings. 


Transformers 

Transformers are usually arranged on the 
unit system, that is, one bank of three single- 
phase or one three-phase transformer to each 
converter. These units are customarily of a 
rated capacity about 10 per cent. in excess 
of that of the converter. 

The selection of the type of transformer is 
largely a question of individual opinion and 
local conditions, as all types are equally 
reliable. 


Types of Transformers 

General Electric transformers may be 
broadly divided into two classes, oil insulated 
and air blast. The latter are limited to work 


“HT" for the three-phase form. (See table 
below.) These transformers may be obtained 
for any voltage up to about 350 kw. in ca- 
pacity; that is, in the three-phase form for 
200 and 300 kw. converters and in the single- 
phase form for all converters up to and in- 
cluding the 750 kw. size. 

Second. . The shell type self-cooling listed 
as type “OC,” and supplied for standard 
converters in the single-phase form only, and 
in any voltage for the 1000 kw. converter. 
Above this size self-cooling transformers are 
not supplied as standard. 

Third, The water-cooled type listed as 
type "WC" in the single-phase form and 
“WCH" in the three-phase form for s1x- 
phase converters, This type is made in 550 
kw. sizes and larger and may be used for any 
voltage in the three-phase form for 500 kw. 
converters and larger; and in the single-phase 
form for 1500 and 2000 kw. converters. 


Table showing types of transformers available for standard converters, and customary rating of transformers. 


SINGLE-PHASE 


Size of 
Converter 
AB ul oc 
| 
200 75 ’ 
300 110 Ho | 
500 ISS 185 
750 275 275 
1000 365 365 
1500 550 
2000 735 


with a nominal line potential not exceeding 
33,000 volts, and are perfectly satisfactory at 
this voltage, while the former may be used 
for higher voltages. 

Air-blast transformers are always made 
shell type and are supplied either in the single- 
phase or three-phase form, in sizes suitable 
for all standard 25-cycle converters except 
the 200 kw. size. Their use is recommended 
particularly in large sizes where water is not 
available for cooling purposes, since this 
condition makes oil-insulated transformers 
large and expensive per kilowatt in order to 
give sufficient radiating surface for cool run- 
ning. This applies, of course, to a greater ex- 
tent with large than with small transformers, 
since it is more difficult to make a large trans- 
former self-cooling than a small one. 

Oil-insulated transformers may be divided 
into three general types: 

First. The core type self-cooling listed as 
tvpe “H” for the single-phase form and 


THREE-PHASE 


we ABT or ABH 


HT WCH 
7 220 
330 330 
5a0 550 
825 825 
. 1100 1100 
550 1650 1650 
735 2200 2200 


Three-Phase Transformers as compared 
with three single-phase transformers of cor- 
responding aggregate capacity have greater 
compactness, lighter weight and lower first 
cost, 

Their use is recommended, except for 
stations with one converter where a spare 
transformer may be wanted, or in the largest 
sizes where the weight of the three-phase 
transformers may be excessive for handling 
purposes. In the  self-cooling oil-insulated 
type “H” style, three-phase transformers 
are supplied only for 200 and 300 kw. con- 
verters, while single-phase transformers of 
the same style are supplied for larger con- 
verters. 


Delta vs.“ Y " Connections of Transformer Primary 
Windings 
Delta-connected transformer primaries have 
been customarily used to permit operation with 
two transformers in case of trouble with the 


STANDARD RAILWAY CONVERTER SUBSTATIONS 243 


third. It has not usually been appreciated 
that. with the pnmary windings “Y"' con- 
nected, with the neutral solidly grounded, and 
with the neutral of the generating system sim- 
ilarly grounded, either three-phase or six-phase 
converters may be started and successfully 
operated with two transformers per converter 


of the third phase are disconnected and short 
circuited. The output of the unit ts limited 
in this case to the capacity of the two trans- 
formers or phases, instead of the three. The 
three-phase core type transformer, rated 
“ HT" in the table, cannot be operated should 
one phase become inoperative. 


Fig. 5. Water-Cooled Single-Phase Transformer; 25 Cycle, 900 Kw., 7500 Volts 
Secondary, 30000,/54000 Volts Primary 


in cuse of trouble with the third. The output 
in either of the above emergency cases is, of 
course, limited to that of the transformers in 
use. With the grounded * Y"' connections, the 
service may be maintained in case of trouble 
on one phase of the transmission line, the other 
two wires and ground serving as the circuit. 
Should three-phase shell type transformers 
be installed with high tension delta’ or 
grounded “ Y"' connections, two phases may 
be likewise operated provided both windings 


Transformer Options for Converters of Different Sizes 

For 200 kw. converters, self-cooled oil- 
insulated core type transformers single or 
three phase (types “‘H" or “HT"') are the 
only forms available, while for the larger 
sizes up to and including 1000 kw. self- 
cooled oil-insulated single-phase transformers 
may be used for anv voltages; or air-blast 
single or three phase transformers may be 
used for any voltage up to and including 
33.000 volts, the self-cooling becoming more 
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expensive than theair-blast whenthe capacity 
is increased beyond a certain size. 

Begining with the 500 kw. converter, the 
water-cooled three-phase transformers be- 
come available. For 1500 kw. and 2000 kw. 
converters, air-blast and water-cooled trans- 
formers are the only alternatives. Either 


In the rating of ‘transformers the signifi- 
cation is as follows: 

AB—Air blast shell type single-phase. 

WC—Water-cooled oil-insulated shell type 
single-phase. 

OC—Self-cooled oil-insulated shell type 
single-phase. 


Fig. 6. Type H Oil-Cooled Single-Phase Transformer, 25 Cycles, 185 Kw., 19050 Volts 
Secondary, 33,000 Volts Y Primary 


may be three-phase or single-phase, the water- 
cooled alone being available above 33,000 volts, 

All railway transformers are supplied with 
taps on the primary winding to compensate 
for line drop and to provide a means of ad- 
justing the alternating current voltage apphed 
to the converter, so that the machine may be 
run at normal field excitation. There are 
provided four 24 per cent, taps so as to allow 
fora drop of 10 per cent, Secondary starting 
taps are provided in all transformers. 


Hi—Self-cooled oil-insulated core type sin- 
wle-phase. 

ABT -HT, etc.—Three-phase to three- 
phase, 

ABH—WCH, etc.—Three-phase to six- 
phase. 

All secondary windings are designed for 
delta connection for three-phase converters 
and diametrical connection for six-phase con- 
VeTtets. 


STANDARD RAILWAY CONVERTER SUBSTATIONS 255 


All oil-insulated transformers have both 
the primary and secondary leads entering 
through the top. All air-blast transformers 
have secondary leads issuing through the base 
and primary leads through top or base accord- 
ing to station requirements as outlined later. 
All air-blast transformers take air through 
their bases and are fitted with dampers to 
cut off the supply of air when out of service. 


Reactances 


To enable the D.C. voltage to be altered by 
the field rheostat or automatically by com- 
pounding, which calls for a corresponding 
change of the A.C, voltage, a three-phase 
Teactance coil is provided between the low 
tension windings of the transformer and the 
converter. . Without such a reactance it is 
impossible to give the same voltage at full 
load as at no load without excessive leading 
and lagging currents and consequently ex- 
cessive heating in the converter armature, 
unless the resistance drop from the source of 
constant potential is small or the natural 
reactance of the circuit is unusually high. 
If the converter field is weakened, a lagging 
current is set up which causes a drop in the 
reactive coil. If the field is strengthened a 
leading current is set up which gives a rise 
of voltage in the reactive coil. Under heavy 
load, the series field of a compound converter 
tends to produce leading currents. which 
tendency is practically balanced by the 
reactance, improving the power factor of 
transformers, lines and generators when 
loaded. The standard reactances are rated 
in k.v.a, equal to 15 per cent. of the kilo- 
watt rating of the accompanying converters 
For instance, a 300 kw. converter is supplied 
with a reactance in each phase in which the 
full load current, 500 amperes, causes a reac- 
tive e.m.f. of 30 volts orapproximately 15 per 
cent. of the delivered e.m.f. Thus a lagging 
current of component equal to one-third full 
load causes a 5 per cent. drop in the reactance 
coil, and a leading component of the current 
of the same magnitude causes a 5 per cent. 
boost or rise of voltage. Six-phase converters 
use three-phase reactances with twice as high 
a voltage drop at full load, 

Either the air-blast or oil-cooled type of 
reactance may be used for rotary converters 
of any capacity, with the exception of the 
200 kw. converter, for which oil-insulated 
transformers and reactances only are avail- 
able. <Air-blast reactances should be used 


with air-blast transformers, and_ oil-cooled 
with oil-insulated transformers of cither the 
self-cooling or water-cooled type. 

All leads to and from oil-cooled reactances 
enter the case through the back near the top. 
Air-blast reactances are bottom connected. 
Air-blast reactances take air through their 
bases, and are fitted with dampers for cutting 
off the air supply when out of service, 

Blowers 

Air-blast transformers require a — 
varying between one-half ounce per sq. 
for the small sizes and one ounce for the large 
sizes. <A line of blowers especially adapted to 
meet the conditions; that is, large volume and 
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Fig.? Three-Phase, Air-Blast, Form “D" Reactance: 
25 Cycles, 300 Kw.,, 60 Volts, 1667 Amperes 


comparatively low pressures, has been de- 
veloped for this class of work, Standard 
blower sets consist of left-hand, down-blast, 
steel-plate fans direct connected, and dnven 
by three-phase induction motors wound for 
the secondary voltage of the transformers. 
For all installations of more than one con- 
verter, it is recommended that duplicate 
blower sets be installed, and that each fanhave 
sufficient capacity to supply air for all of the 
transformers and reactances in the station 
with 10 per cent. margin for air-blast chamber 
leakage. In case, however, the total require- 
ments are greater than 10,000 to 15,000 cu. 
ft. per minute, three blower sets should be 
installed, any two of which should be capable 
of supplving the total amount of air required. 
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Cables 


For the 600-volt connections to the switch- 
board, and all secondary connections from 
transformers to the converters via the re- 
active coils and starting switches, the General 
Electric Company recommends the use of 
varnished cambric cable, manufactured for 
working voltages of 1000 volts or less, with 
asbestos braid and not lead covered. This 
may be run in porcelain cable cleats, if the 
substation has a basement, or in ducts; or in 
the case of the D.C. cables, in iron pipe. 


Switchboards 


The switching apparatus for this class of 
work has been simplified to the smallest 
number of elements, retaining every switch 
and instrument essential for convenient and re- 
liable operation. The standard switchboard 
panels are as follows: 


A.C. Main Panels: 
(1) Incoming line panel. 
(2) Outgoing line panel. 
(3) High tension converter panel. 


D.C. Main Panels: 
(4) D.C. converter panel. 
(5) D.C. feeder panel. 

In addition to the above, there are various 
auxiliary panels not usually incorporated in 
the main switchboard, including A.C. starting 
panels, blower motor panels and control 
storage battery panels. The latter are used 
for 125-volt storage batteries, which are re- 
quired for the operation of motor-driven oil 
switches. The above panels, excluding the 
auxiliary panels, are with certain excep- 
tions 16 inches in width and 90 inches in 
total height, divided into three sections each. 
The exceptions are D.C. converter panels for 
1500 and 2000 kw. machines and D.C, feeder 
panels of 4000 ampere or greater capacity, 
all of which are 20 inches in width; also 
double circuit D.C. feeder panels equipped 
with two ammeters, which are 20 inches in 
width. 

The standard material and finish are dull 
black oiled slate, with instruments finished 
in lustreless black lacquer. <All instruments 
are proportioned to indicate 100 per cent. 
overload, and all switches, current trans- 
formers, circuit breakers, etc. will carry a 
50 per cent, overload of their corresponding 
machine or circuit continuously. <All panels 
are supported on steel pipe frames with sutt- 


able attachments for the support of bus bars, 
field rheostats, ete. 


D.C. Switchboard Details 


As above-mentioned, all D.C. converter 
panels are single-pole and of positive or 
trolley polarity, so that the switchboard bus 
bar is continuous from the converter to the 
feeder panels, which are usually adjacent. 
The equipment of a standard D.C. converter 
panel comprises: 

One carbon break circuit breaker with over- 
load and low-voltage release. (The latter 
connected to the speed limit device.) 

One illuminated dial ammeter with shunt. 

One field rheostat. 

One two-point potential receptacle. 

One single-pole main switch. 

One single-pole, double-throw station light- 
ing switch. 

One Thomson recording wattmeter. (Op- 
tional.) 

The General Electric Company  recom- 
mends the use of one such wattmeter per 
machine in preference to one bus bar watt- 
meter, on the score of better wattmeter load 
factor, readier calibration, easier extension 
of station capacity, etc. The station lighting 
switches are tandem connected to enable 
the lights to be supplied from any converter, 
on the machine side of its circuit breaker. 
The potential receptacles connect to one 
illuminated dial D.C, voltmeter on a swinging 
bracket, usually mounted at the end of switch- 
board. 

The D.C. feeder panels are each equipped 
with an overload circuit breaker, ammeter, 
main switch, lighting arrester and choke coil; 
also one potential receptacle per feeder, by 
means of which the feeder voltage may be 
determined with the circuit breaker open 
in case the feeder is tied through to another 
substation, 


A.C, Switchboard Details 


The equipment of the A.C.*panels depends 
somewhat upon the form of switch adopted, 
whether hand or electrically operated. In 
general, however, one ammeter is recom- 
mended on the converter or incoming line 
panels and three ammeters on the outgoing 
line panels, with automatic overload opera- 
tion of the switches from one current trans- 
former in the case of incoming line or con- 
verter panels, and from three current trans- 
formers in the case of outgoing line panels 
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With hand-operated switches the overload 
actuating devices take the form of tripping 
coils combined with the switch handles, while 
for electrically-operated switches overload re- 
lavs are used. 
Switchboard Arrangement 

In general the D.C, switchboard panels are 
arranged in a group by themselves, converter 
panels to the left and feeder panels to the 
might, with room for an extension of the con- 
verter panels to the left and feeder panels to 
the myht. No attempt is made to group the 


between the location of panel and switch, and 
in this case it is customary to locate the 
A.C. line and high tension converter panels 
in line with the D.C. switchboard. No in- 
coming line panels are used unless the lines 
are in duplicate, a single incoming line being 
tied to the substation bus bars without oil 
switches. 
General Arrangement of Substation Apparatus 

From the above it will be noted that the 
arrangement of the apparatus in the sub- 
station t. largely dependent upon the nature 


Fig. 8. Interior View of Locust St. Substation, United Railway Co., St. Louis, Mo. 
1000 Kw. Converters with Three-Phase Air-Blast Transformers 


oi] switches, either hand or electrically 
operated, behind the main switchboard, the 
oil switches being invariably, in the more 
recent types of construction, located imme- 
diately adjacent to their banks of transformers 
or line entrances, or exits, as the case may be. 
For all stations using hand-operated switches, 
this makes it advisable to locate the A.C. 
line and high tension converter panels in 
a corresponding position. With electrically- 
operated switches there is no definite relation 


of the switching equipment. The following 
are further features of the switching equip- 
ment which intimately affect the station 
design. 

Form “K"' or hand-operated switches ate 
invariably top connected, making it con- 
venient to locate high tension bus bars above 
suchswitches; the high tension switches of the 
transformer and converter units being located 
immediately back of the corresponding three- 
phase transformers or three-phase groups of 
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single-phase transformers, The line switches, 
if there are any, are located in line with and 
between the converter switches, the corre- 
sponding high tension panels being located in 
front of their respective oil switches and on 
the operating side of the transformers. For 
relatively large substations containing con- 
verters larger than 300 kw., or more than 
two converters, the division of the station 
by a wall between transformers and switches 
is recommended, with a crane spanning the 
converter and transformer room. 

On the other hand, to suit a case with 
incoming high tension three-core cables under- 
ground, and motor-operated switches, these 
switches are bottom connected, making it con- 
venient to locate bus bars and all high tension 
connections below the floor in a suitable 
compartment in the basement. The con- 
nections from the high tension converter 
switches to the transformers pass through 
the partition wall between the high tension 
compartment in the basement and air-blast 
chamber, the transformers in this case being 
bottom connected, that is to say, having both 
the high and low tension leads brought through 
their bases. This case also illustrates the 
above-mentioned arrangement of all main 
panels both A.C. and D.C. in one switchboard. 


MISCELLANEOUS RECOMMENDATIONS 


Ventilation 

It should be borne in mind, in laying out 
a station, that even the normal operation of 
the machines will considerably increase the 
temperature, and some provision should 
therefore be made for good ventilation. This 
is particularly important where oil-cooled 
transformers are used and ample ventilators 
should be provided in the roof so that the 
temperature will not become unsuitable in 
the summer time. It is unnecessary to pro- 
vide any auxiliary means of heating in com- 
act substations which carry a station load 
actor equal to average practice, and which 
run 24 hours per day. 


Drainage 

Where air-blast transformers are used the 
walls of the air-blast chambers should be 
waterproofed and the substation built at 
such an elevation that water will not stand 
on the floor of the air-blast chamber. If this 
is not done the transformers may be damaged 
by the warm air from the blowers picking up 
moisture and depositing it in transformers 
which are not in service. 


Where any cables come into the station 
underground the entering conduits should be 
sealed and suitable drainage provided so that 
water cannot leak into the cellar through 
these openings. When oil-cooled trans- 
formers are used it is well to install a pit of 
sufficient capacity to hold the oil from several 
transformers, and to provide drainage piping 
from the oil drain cocks on the transformers 
to the pit. This pipe should be of ample size 
so that the oil can be drawn off very quickly in 
case of emergency. 


Crane 

It will generally be found that the installa- 
tion of a crane is justified not only for its 
convenience but on account of the actual 
economy of building floor area which is 
possible with its use. To get apparatus to 
the doorway, the space between machines, 
switchboards, etc,, must be great enough to 
allow the largest piece to pass when laid flat 
on the floor, if no crane is provided. These 
pieces, such as rotary converter bases, etc., 
may be carried edgewise when a crane is used, 
and the saving effected often offsets the cost 
of the crane. The possible saving of time, 
when it becomes necessary to work on machin- 
ery rapidly, need hardly be mentioned, and 
the value of a crane at such times is obvious. 


Air Supply for Blowing Out Apparatus 


An air compressor is an item which should 
never be overlooked in a substation of any 
considerable size, as the life of any electric 
apparatus depends to a very large extent upon 
its cleanliness. It is generally most satis- 
factory to install a compressor similar to that 
used on one of the cars, and to furnish a 
storage tank capacity of about ten cubic 
feet. The air should be piped from this tank 
to various points in the substation where 
cocks should be provided for the attachment 
of a rubber hose. An air-pump governor 
provides a convenient means for keeping the 
airin the storage tanks at constant pressure. 


Conclusion 


The recommendations presented in this 
article are based on experience and have 
proved satisfactory in actual practice. This 
information is presented with the hope that 
it will be found of value to electric railway 
managers and engineers, and that they will 
co-operate in effecting a more complete 
standardization of substation design and 
railway transmission potentials. 
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A RETROSPECT 


By Pror. Evinu THomson 


In this age of special tools, highly developed 
machinery and processes of construction, 
when materials are available with properties 
covering the widest range, it may possibly be 
useful or instructive to turn back to the time 
of the inception of the electrical engineering 
art and review the conditions as they existed 
approximately thirty years ago. Such a 
retrospect may assist those who have not had 
an opportunity to acquire a just perspective, 
and may help towards the appreciation of the 


like, which have to deal with the manipulation 
of sheet-iron or steel entering into the arma- 
ture cores of dynamos and motors, without 
realizing that all of this development is but 
recent. There was a time in the art when it 
would have been futile to have made a design, 
however meritorious it might appear, in- 
volving the use of punched sheet metal in 
complex forms, for neither the material of 
proper quality existed, nor was the machinery 
for giving it the proper shape available. 


Fig. 1. Punch Press Department, Schenectady Works, General Electric Company 


better conditions which now exist for accom- 
plishing work on a satisfactory basis, or for 
embodying ideals which, even if existent in the 
early days, were not accompanied by the 
means for execution. 

One has only to visit the shops of a large 
electric manufacturing concern of to-day, and 
to notice the great variety of stock or material 
found in store in its stock-rooms, to be im- 
pressed with the fact that modern results 
come about by a combination of highly 
developed organization and methods, As an 
example, one may watch the elaborate ma- 
chinery in the form of punch-presses and the 


In the early days of the clectric industry 
the cores of dynamo armatures were com- 
monly made of iron wire wound up into rings 
on cylinders; or, in other cases, of plates or 
forms of cast iron. When sheet iron was used 
it was generally in the form of heavy plate, 
cut out by crude machine processes or labor- 
iously worked out by hand. The iron wire 
itself was not especially adapted to the pur- 
pose, and varied widely in its qualities, where- 
as about the only available sheet iron was 
stove-pipe iron, or the sheet iron from which 
sheet-iron utensils were made, and, of course, 
the existence of magnetic losses was not taken 
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account of in its manufacture. The early 
worker had to put up with what he could get 
instead of what he wished he could have. 
He had to bend his designs and constructions 
to the use of such materials as were available. 
and the selection being a most restricted one. 
it will easily be understood that there was 
little freedom in designing in those early 
days. At the time referred to, cast iron was 
mostly used for magnet frames, although 
occasionally wrought material was employed. 


rectangular sections tobe had, Fine wire was 
not then drawn through jewels, and a coil 
would vary in section from one end to the 
other, owing to the wear of the dies. With 
the shunt magnets of series arc lamps it was 
sometimes quite necessary, in order to obtain 
any definite resistance in the coils with a 
given number of turns, to combine wires 
which varied in such a wav that a portion of 
the coil would be of smaller section and 
another portion of the coil of larger section 


Fig. 2. Thomson-Houston Arc Light Dynamo, Showing Regulator and Brush Mechanism 


One had to put up with simple forms of the 
latter and with whatever quality of iron the 
foundry (generally a separate organization) 
happened to furnish. Steel castings now en- 
ter widely into electrical construction. 

Even in the case of copper wire the limita- 
tions were severe. It was not obtainable 
in long lengths without joints or the necessity 
for making them. It was imperfectly drawn, 
frequently having slivers projecting through 
the insulation, and often varied in shape of 
section from round to oval; and the amount 
of the section varied. Round wire only was 
available for use. There were no square or 


so us to vet somewhere near the desired 
aveTage section. 

The designer or constructor was equally 
limited in the insulation which was available. 
Generally, he found that he had to rely upon 
paper or cloth for insulation, with shellac 
varnish. The paper itself was lable to be 
defective, as it might contain particles of 
iron or other metal, or bits of carbon, in case 
the paper mill was near a railroad. Mica 
was not at first available. its use being prac- 
tically limited to clear and relatively very 
expensive sheets for stove doors, ana the forms 
of colored and soft mica now so commonly 
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found in use Were not then mined. as there 
was no market for them, Flakes of mica, 
pasted upon paper by shellac and over- 
lapping each other, were first used in the Lynn 
Factory in 1883 or ISS4 and formed the first 
built-up mica emploved, The sheets so built 
Were used to separate the coils of are light 
dynamo armatures. Insulation between com- 
mutator segments was originally shellaced 
paper, vulcanized fibre,or some similar sub- 
stance, afterwards replaced by mica. The 
mica cone insulations for commutators came 
later, being some of the first mica pieces 
which were built up from flakes or out of 
small pieces, all of which were held together 
by varnish and heated in forms. 

Very early commutators and other parts of 
machines were insulated with red fibre or 
vulcanized fibre, even then a manufactured 
product. It varied greatly, however, and 
was treacherous, as the process of production 
did not alwavs remove the acid of chloride of 
zine used in the treatment of the fibre. De- 


Fig.3. Smooth Core Armature in Proceas of Winding, 
Showing Wooden Pegs for Holding Coils in Place 


fective material of this kind was the cause of 
many breakdowns. Reliance had to be placed 
upon wood, even for such things as switch 
supports and fuse boxes——-as there was no 
electric porcelain manufacture; and even 
slate itself was not used, being unavailable, 
or not to be found readily on the market in 
suitable form, 


At the time of the early introduction of 
are Jamps for street lighting and for interior 
lighting, the ares were frequently burned 
bare, without globes or any other enclosure, 
Sometimes clear globes were used, and occa- 
sionally opal ones, but thin opal glass could 
not be obtained then, and the globes were 
made of heavy dense opal glass and absorbed 


Fig.4. Armature of Thomson-Houston Dynamo for 
Incandescent Lighting 


about 60 per cent, of the light. The globes 
were also frequently misshapen and varied 
greatly in thickness. The carbons used in the 
working of the arc lights were also very im- 
perfect at the start, many of them being so 
crooked that they would not stand opposed 
to each other without sliding by one another, 
The methods of manufacture had not been so 
fully developed but that a large proportion of 
the product was defective in straightness, 
Similarly in the chemical constitution of 
carbons, and in the heat treatment or baking, 
great variations occurred. Verv often there 
were impuritics present which caused the 
arcs to flame and sputter or hiss at intervals, 
while some carbons would burn out in much 
shorter time than others. For a time indeed. 
the question of getting satisfactory cafbons 
was a very vital one in the development of 
are lighting. 

Twenty-five to thirty vears ago the only 
lines outside of telephone and telegraph lines. 
which extended any distance away from the 
station, were those for series are lighting. 
and were generally of bare copper mounted 
on telegraph insulators. One of the first high 
tension experiments,and one whichended with 
some disastrous consequences, Was the coupling 
of seven 40-light Brush are light machines in 
series on a single bare wire circuit in Cin- 
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cinnati, at the inception of the are station 
there. The idea of high voltage apparently 
had not penetrated the consciousness of the 
people in charge of the installation, for it is 
said that immediately on starting up, several 
of the machines burned out, The total 
potential of the line would have been some 
14,000 or 15,000 volts, and no special precau- 
tion had been taken to insulate for this rela- 
tively high pressure, 


Fig 5. Gramme Ring Showing Core 
Made Up of Iron Wire 


Wherever in the early years, the factory 
building was not badly suited to the purposes 
of the business (as was too often the case), 
it generally happened that the engine power 
was either deficient or badly governed, or 
that the boiler capacity was much too small 


and the governing, which was good enough 
for most of the ordinary factory uses, was, 
of course, very defective for the demand of 
steady driving of electrical machinery. Along 
with the development, therefore, of electrical 
applications, it was a matter of necessity 
that engine power should follow and become 
more and more refined. 

Not only was there difficulty in obtaining 
the proper power conditions in the manu- 
facturing plant, but oftentimes the early 
electric station was in a building already 
existing and with an engine which had been 
given up for some other use and applied to the 
new demand, as an economy. Those were 
the days when arc light machines had fre- 
quently to be loaded up in the stations by 
lamps, making up for the deficiencies of the 
external or outdoor load; and it was not 
unusual to see 50 or 60 lamps or more burning 
in a station, consuming carbons merely as 
idle load to fill up circuits that did not have 
their full complement of commercial lamps. 
It was the unsatisfactory engine power and 
transmission by belts and the variations of 
load conditions which led us early to the 
adoption of means of regulation for constancy 
of current in arc machines or circuits; a 
remedy which practically accomplished all 
at one stroke. It made the circuit indepen- 
dent of the variations of engine or of its 
governing, and independent of the variations 
of load external to the machine. 


Fig. 6. Construction of Armature of Edison “Steam Dynamo” 


for the engine; while frequently the testing 
of dynamos had to be made at a distance from 
the engine itself involving several belt trans- 
missions, It will be readily understood that, 
with a slow-moving engine, badly governed, 
and such belt transmission, testing, under 
anything like standard conditions, was prac- 
tically impossible. The modern engine of 
comparatively high speed did not then exist. 


At the inception of what is now the modern 
electrical industry, it was practically impos- 
sible to find suitable instruments for measur- 
ing the values of current or potential; the 
only measuring instruments to be found were 
those of the cabinets of natural philosophy 
and of the telegraph systems. Such instru- 
ments of measurement as tangent galvanom- 
eters, astatic galvanometers, etc., depend- 
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ing upon the strength of the horizontal com- 
ponent of the earth's field did not work 
very satisfactorily when masses of metalliciron 
were nearby, or when, as in one instance 
within my knowledge, locomotives passed by 
on adjoining railway tracks or loaded cars 
stood on the tracks not far away. Even the 
instruments themselves were not adapted 
to the currents or potentials in use, and it 
was necessary, therefore, for the pioncer to 
construct his instruments to obtain such 
information as was needed. In fact, many 
of the early workers evidently got along 
without any information obtained from 
measurements of current and voltage. It 
may be said truly that it is not more than 
thirty years ago since any consistent investi- 
gation of measurements of the currents, 
voltages, and efficiencies of dynamo machines 
were made. In view of this fact, it is even in 
a measure extraordinary that some of the 
early work succeeded as well as it did, 
especially in the field of constant current 
generation which, as is well known, demands 
certain dynamo characteristics in order that 
the current shall be stable or not subject to 


Fig 7. Brush Armature with Its Coils in Position, 
Showing Unlaminated Core 


surging or oscillation, The data for design 
Was very meager, and the work had to be 
done by a sort of sense of What was needed; a 
feeling, as it were, that certain proportioning 
between armature and field would be re- 
quired to make a successful machine. 

In those days, too, the functions of the 
designer, inventor, engineer or electrician 
were very widely varied. He might partake 


of the work of works manayer. salesman, 
patent expert, head draftsman; be engaged 
in construction and testing, and have various 
other functions more or less accidental or 
necessary. Also he had frequently to work 
under very great stress as to speed in getting 
work in shape. It might even be necessary 
that the plans and designs for a new size of 
dynamo should be ready within a day or so, 


Fig. 8 Wallace. Farmer Machine 


and this frequently led to his work being 
continued through the day and night. The 
only system that then existed was to get the 
thing done as promptly as possible, and any- 
thing which would in the least have inter- 
fered would have been swept out of the way 
ruthlessly. The important consideration was 
that a certain thing was needed at a certain 
time, as vital to the business, and therefore 
conditions should be controlled to obtain the 
desired result. Expenmental or new work 
had frequently to be done in the open shop. 
There were no special expernmental depart- 
ments and, of course, such work was carned 
on often to the detriment of the actual com- 
mercial work, This was also a necessity of 
the case. 

Oftentimes the machine equipment was 
—as in lathes, planers, etc.—so restricted 
that the designs had to be adapted, as 
it were, to the restricted manufacturing 
equipment. For example, work that ought 
to have been taken with one cut on a large 
planer was very frequently made on a small 
machine by turning the work about to make 
the separate cuts; and the designs of appa- 
ratus Were frequently made to avoid the use of 
tools which did not exist, or which existed in 
very restricted size or number, This aspect 
of the subject can hardly be realized to-day 
unless one has had practical experience under 
the conditions. Doubtless some of the pro- 
ducts of the early work seem from present 
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slandpoimts to be very crude, and perhaps 
unnecessanly so, but this was often to be 
explained by the very fact that the equip- 
ment could not have met the demands of 
more perfect designs. 

Dynamo armatures in the early days 
were mostly of the smooth core pattern, 
as these seemed to work more satisfac- 
tonly than forms which were made with 
projections. How completely conditions have 
changed in this respect may be seen by 
examining any of the forms of modern 
machines. In fact, the materials and means 
for using them were so imperfect and crude 
in the early days that armatures with pro- 
jections obtained the reputation of giving bad 
commutator sparking, and so were avoided 
as the plague for a time. Since the projec- 
tions were generally coarse, they would also 
produce considerable heating and losses with 
solid pole pieces. With the growth of lam- 
ination in other directions, lamination of the 
pole pieces was the natural remedy. 


Some of the vagaries of design in dynamos 
and other machines were due to certain ideas 
which acted as fetishes, and which have 
since disappeared. Such, for example, was 
the idea that a drum armature should be of 
very great length, so that the idle wire on the 
armature, that is, the wire over the ends. 
would be small in amount in relation to that 
which was along the side of the drum. Other 
Variations were due to patent conditions, 
preferred construction now open to all being 
subjects of patents then in force. 

The brief outline given above could be 
amplified to almost any extent in the direction 
of showing the very great handicaps under 
which the early constructors labored, and the 
disadvantages which had to be met at every 
turn. The only advantage, perhaps, was the 
entire abandon with which new work could 
be undertaken and pushed to a_ conclu- 
sion, unhampered by matters or conditions 
which now sometimes complicate the pro- 
cess. 


CURRENT TRANSFORMERS AS RELATED TO SWITCH- 
BOARD DEVICES 


By 


Current orseries transformers area necessary 
intermediary between an alternating current 
circuit and various protective devices, meters, 
ete., when the voltage of the system is too 
high to be easily insulated andsafely handled, 
or when the current is too high to be con- 
veniently handled directly on such devices. 
Circuits in excess of 1100 volts should be 
supplied with current transformers, though 
certain apparatus designed for direct opera- 
tion in 2300 volt circuits may be used in some 
cases. Ammeters, automatic trips, etc., of 
300 ampere capacity may be had, but the 
maximum capacity obtainable in wattmeters 
and polyphase instruments is 150 amperes or 
less. In view of the above it is evident that 
current transformers will be used in all cir- 
cuits of any considerable power; hence their 
performance and limitations under operating 
conditions are of general interest. 

The series transformer is similar to a shunt 
transformer in having a laminated iron core 
and two windings insulated from the core and 
from each other. One of these windings (the 
primary) is connected in the main circuit, 
while the other (the secondary), which is well 


C. J. Barrow 


insulated from the first, delivers a current 
bearing a fixed ratio to the main current. 
The accuracy of the readings of all meters 
etc., connected to the circuit will depend 
directly on the constancy of this ratio under 
varving load conditions. 

Beginning with the main current in the 
primary as the source of energy, we have an 
alternating current circulating around an 
iron core and setting up a flux which induces 
in the secondary an opposing or demagnetiz- 
ing current. The demagnetizing effect of the 
secondary current will alwavs be somewhat 
less than the magnetizing effect of the primary, 
since some voltage is necessary to circulate 
the secondary current and must be generated 
by flux in the core. This flux in the core 
accounts for two components in the primary 
current which do not appear in the secondary 
—a magnetizing component necessary to 
energize the core, and a core loss component 
which supplies hysteresis and eddy current 
lusses. Apart from these, the product of 
secondary current and turns equals the 
product of pnmary current and turns; and 
tor a given pmmary current, that current most 
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economically handled by secondary devices 
may be readily obtained by suitably propor- 
tioning primary and secondary turns. 

Considering the components of the primary 
current more in detail, we have: - 

1. That which magnetizes the core, a 
Wattless component, varying with the flux 
density (volts across secondary load). 
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2. That representing the losses in the core. 
an energy component, also varying with the 
flux density. 

3. That which reappears in the secondary. 

Barring hysteresis, the flux will be in phase 
with the magnetizing component, while the 
counter e.m.f. of the primary and the e.m.f. 
of the secondary will lag 90 degrees, The 
core loss component, being an energy cur- 
rent, will be in phase with primary 
volts and will lead 90 degrees with respect 
to the magnetizing component. On non- 
inductive load the secondary current will be 
in direct opposition to the core loss current, 
but in quadrature with the magnetizing com- 
ponent; hence, with non-inductive secondary 
load, the ratio error is practically the result 
of the core loss component only. If secondary 
load is purely reactive, the current lagging 
90 degrees from the voltage will be in direct 
opposition to the magnetizing and in quadra- 
ture with the core loss component, so the 
ratio will be influenced largely by the mag- 
netizing component. Commercial loads us- 
ually contain both resistance and reactance, 
so both components will be active. These 
relations are shown diagramatically in Fig. 1. 

The ratio error is compensated for by 
winding slightly less than the proportionate 
number of turns on the secondary. (Hence, 
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a “step down” current transformer should 
not be used “step up.) An accurate ratio 
may be obtained in this way for given con- 
ditions of line current and secondary load, 
but with any variation from these conditions 
there is a change of flux, hence a change of 
magnetizing and core loss components which 
upsets the ratio. It is therefore necessary 
that these disturbing clements be reduced to 
a minimum, and to this end current trans- 
former cores are worked at extremely low 
densities. 

Low core loss and magnetizing components 
are further desirable that the phase displace- 
ment between primary and secondary cur- 
rents may be as small as possible. The 
secondary current, being one of three primary 
components all of which are likely to be out of 
phase, may not be in direct opposition to the 
primary current (see Fig. 1). If the load is 
non-inductive, the secondary current will be 
in advance of direct opposition; if: purely 
reactive, it will lag behind direct opposition. 
Somewhere between these extremes of load 
the two currents will be in direct opposition, 
Current devices will be subject to ratio error 
only, but devices operating with current and 
potential windings will be subject to both the 
ratio error and errors due to phase displace- 
ment, 

Transformers are built in which these errors 
are negligible over the range for which the 
transformers are designed, but this range 
cannot be exceeded except at the expense 
of accuracy. The ratio will be maintained 
closely if the secondary impedance ts such as 
not to require more than rated output at 
full load. As the impedance is increased the 
ratio increases, at first very slowly, but faster 
as the density increases; until at high densi- 
ties, the high core loss, and particularly the 
high magnetizing components, represent: a 
large part of the primary current, and the 
ratio therefore rises rapidly with increasing 
secon lary impelance. 

There is also an increase of ratio with de- 
creasing primary current when the pnmary 
current is small (hight line load) due to the 
fact that the magnetization curve at very 
low densities is the reverse in form of that at 
ordinary densities. That is to say, at low 
densities the permealtnlity is less than at 
moderate densities. With pnmary current 
decreasing, the volts secondary, and hence 
the core flux, decrease proportionately; but 
since at this stave the iron is becoming Tess 
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permeable, the magnetizing current does not 
decrease proportionately, and therefore rep- 
resents an increasing proportion of the 
primary current. This feature limits the 
minimum desirable density, and calls for an 
iron of uniform permeability at low densities. 
This light load error should not be active 
above one-tenth load. Where the power 
involved is large and even a small percent- 
age error means considerable, it is important 
that the ratio be accurate over the usual 
range of load, particularly at normal load 
and usual overloads. 

The General Electric Company has stand- 
ardized a secondary current of 5amperes, with 
rated current flowing in the primary. This 
permits a standard line of secondary devices 


difficult problem, calling for the best of 
insulating materials and wide experience 
on the part of the designer. Between wind- 
ings there is always the normal potential 
strain to ground, while during abnormally 
high frequency disturbances the primary, 
which acts as a choke coil, is very liable to 
break down between turns. To insure oper- 
ator and secondary apparatus against a 
dangerous potential between low tension 
circuits and ground in case of failure of insu- 
lation between primary and secondary, the 
secondary winding should be permanently 
grounded. Even though well insulated, the 
secondary receives a charge, due to the 
static potential of the primary, which may 
be serious to the operator and apparatus 


Fig. 2, General Electric Current Transformer 


to be used with suitable transformers, on 
circuits of any capacity. <A transformer is 
usually supplied having a current capacity 
equal to the momentary rating of the appa- 
ratus with which it is to be used. Under 
standard one or two hour overloads,such a 
transformer carries 3.75 amperes secondary ; 
and if the transformer is rated 4() watts, the 
secondary impedance should be such as to 
require not more than 8 volts to circulate 
5 amperes, or 6 volts to circulate 3.75 amperes ; 
that is, the total secondary impedance should 
not exceed 1.6 ohms. In adding up the 
individual impedances of several pieces of 
apparatus constituting a secondary load, 
in order to get the total load on the trans- 
former, the displacement between current 
and voltage in each device must be considered, 
and the vector sum of the voltages used. 
To properly insulate the primary of the 
higher voltage transformers is a_ rather 


unless relieved by a ground connection. On 
this account, also, the frame work of the 
transformer should be grounded. 

It is interesting to note that the open 
circuit secondary voltage of a transformer is 
determined by the frequency secondary turns, 
and flux; the flux used being that value 
corresponding to the product of primary 
turns and maximum instantaneous value of 
primary current for the particular brand of iron 
used, and is practically limited by saturation. 
This open circuit voltage for small transformers 
at ordinary frequencies may be less than 
100 volts, and will scarcely exceed 1000 volts 
in the largest size. Apart from the building 
up of the secondary voltage, transformers 
should never be operated open circuited; 
since the iron losses, at the high density 
obtaining under this condition, cause se- 
rious heating, and the reactance of the 
primary in series with the line is objectionable. 
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PATENTS* 


Part I 


By Acsert G. Davis 


The following paper is designed to give 
some idea of the general object and nature of 
a patent. It is only a rough outlineof general 
information, and is not to enable the reader 
to dispense with the services of a lawyer in 
any specific case. 

I shall not consider copyrights, trade 
marks, labels, nor design patents; but patents 
for inventions -what we call mechanical 
patents. 

The patent system is the outgrowth of a 
very odious system of monopolies, which were 
formally granted by the English Crown 
in the form of an open letter-—-from which 
comes our expression “Letters Patent." 
This was an open letter under the seal of the 
Crown, conferring the exclusive mght to 
practice some business in the Realm. These 
monopolies became particularly objectionable 
during the reign of Queen Elizabeth, and not 
long after her reign they were abolished. A 
statute of James I contained a provision 
against monopolies being granted excepting 
to those who introduced new manufactures 
into the Realm, and this theory still survives 
in England in the patent of importation, or 
* communication.” 

In this country the patent law is based on 
a clause of the Constitution of the United 
States which gives Congress the right to grant 
to inventors, for limited periods of time, the 
exclusive right to enjoy the fruits of their 
inventions. A patent, therefore, is a Federal 
thing, that is, a thing of the Federal Govern- 
ment and not of the States. It is a grant of 
the exclusive right to make, use, and sell a cer- 
tain invention for a certain period of time. 
An infringement consists in the making, 
using, or selling of the thing concerning which 
the grant was made, by some other person 
without authority. Patents are granted by 
the Government of the United States, under 
the seal of the Patent Office, and, of course, 
in accordance with the Statutes of the United 
States, and the Patent Law is a Statute Law. 
A patent is a creature of these statutes, and 
can only be considered with reference to them. 

In this country a patent of the kind we are 
considering runs for seventeen years from the 
date of issue, not from the date of filing the 
application. 


@ Lecture delivered before the Schenectady Section A.1.E.E. 


The following paragraph is Section 4886 
of the Revised Statutes of the United States, 
as now amended. It is the fundamental basis 
of our patent law, and is worthy of careful 
reading, as every word means something. 


“ Any person who has invented or dis- 
covered any new and useful art, machine, 
manufacture, or composition of matter, 
or any new and useful improvements 
thereof, not known or used by others in 
this country, before his invention or 
discovery thereof, and not patented or 
described in any printed publication in 
this or any foreign country, before his 
invention or discovery thereof, or more 
than two years prior to his application, 
and not in public use or on sale in this 
country for more than two years prior 
to his application, unless the same is 
proved to have been abandoned, may, 
upon payment of the fees required by law, 
and other due proceedings had, obtain 
a patent therefor.” 


As I have said, every word in this statute 
means something. Considering the separate 
hrases, we have, first: “Any person who 
s invented or discovered." This means that 
the application must be made by the inventor; 
no one else can make it; otherwise it is void. 
If two persons jointly invent, and one files 
a sole application, or if two file a joint appli- 
cation on an invention made by one of them, 
no valid patent can issue on that application. 
So the person who furnishes the money, or a 
mere assignee, cannot make the application — 
it must be made by the inventor. 

Next in the statute are the words:— 
“Any new and useful."" Of course a thing 
must be new, for this is the fundamental idea 
of a patent. (We will go a little more into 
detail regarding this later.) 

If a thing is not “useful,"’ no patent should 
be granted, but on the other hand, a small 
degree of utility will support a patent. If a 
thing is really harmful, the patent is void. 
For example, a device for perpetrating fraud 
on the public would be void. There was a 
case in Connecticut of a patent on a process 
for producing tobacco in imitation of certain 
high grade Cuban tobacco. It was found at 
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one time, that in a certain district in Cuba, 
there was a parasite or fly, which, by biting 
the leaves of the tobacco plant, caused little 
white spots to appear; and the public got into 
the habit of looking for these spots and 
recognizing them as the mark of the tobacco 
of this particular district. This man in 
Connecticut conceived the idea of going out 
in his tobacco fields and spraving a certain 
solution on the leaves, and thus reproducing 
these white spots. He got a patent on this, 
though with considerable difficulty, as the 
Patent Office held that it was a fraudulent 
thing. He stated, however, that this inven- 
tion made the cigars more free-burning, and 
on that ground a patent was granted. He 
prospered in this business for some time, until 
some other man decided that he would try it 
also. This brought up litigation, and the 
judge without hesitation held the patent 
invalid, resting his decision on the grounds of 
lack of utilitv. He said that there was no 
proof that the cigars really were more free- 
burning, though he seemed inclined to rest 
his decision on the broader ground of the 
essentially fraudulent nature of the busi- 
ness. 

What constitutes novelty? ‘Not known 
or used by others in this country before his 
invention or discovery.’ If used in a foreign 
country, it does not affect an American 
patent, unless it can be shown that it is an 
idea brought home by the inventor, in which 
case the patent is void. If a man goesabroad 
and seeing something over there that seems 
to him meritorious, comes home and patents 
it, obviously he has not invented it. If. 
however, a man in this country invents a 
thing in good faith, the fact that it was used 
abroad is no bar to the patent, provided the 
thing was not “ patented or described im any 
printed publication in this or any foreign 
country, bejore his invention or discovery 
thereoj."" This relates to the date of his 
invention and not to the date of his patent. 
To grant to a man a patent on a thing that 
had been described in a printed publication 
before his discovery of it would be bad 
practice. because he might have read that 
publication; and in anv event it would not 
be new, the world would be in possession of 
the invention. But if he had invented it in 
good faith before this publication was issued, 
he could file his application in this country 
within two years of that publication; other- 
wise it would be void. 


Referring again to the statute we find the 
phrase:—"*Not tn public use or on sale in 
this country jor more than two years prior to 
his application.” This means that a man 
cannot make an invention and allow his 
device to go into use or be sold to the public 
for an indefinite period, and then obtain a 
patent; he must file his application within 
two vears from the time such public use begins. 
The question is, what constitutes public use, 
and this question is a very difficult one. For 
example, in the case where a pavement had 
been laid for six vears on a toll road near 
Boston, it was held not to be in public use. 
The reason for this decision was that the 
pavement was held to be experimental, 
having been put down to determine whether 
it was serviceable. It was placed in front of 
a toll-gate, where the horses had to stop and 
start, and where the work on the pavement 
was the heaviest. Every few days the in- 
ventor would examine the pavement, would 
discuss it with the men, and find out every 
detail regarding it. He was held to have been 
experimenting, but that was an extreme case. 

When a man has finished with his invention, 
when he ts satisfied the thing is good, although 
capable of further improvements, then the 
use becomes public use under the statutes. 
Ordinarily, when he begins to derive profit, 
it constitutes public use. 

Of course, an invention can be abandoned, 
as any other right and privilege can be aban- 
doned. The right to own a piece of real 
estate can be abandoned; as is the case when 
a man allows the public to walk over a part 
of his land for a sufficient number of years; 
for there then accrues to the public the 
nght of way over this particular lot of land, 
and thus to this extent it is an abandonment 
of the right of the proprietor. In the same 
way, a man who has made an invention and 
obtained thereby a right to apply for a patent, 
may abandon that right; either definitely 
and formally, by publishing a statement that 
he has made an invention and is not going to 
take a patent; or indefinitely and informally, 
by simply allowing it to run long enough to 
result in abandonment. 

If we look at an American patent, we find 
that it usually contains a drawing, always a 
specification, and always certain short para- 
graphs which we call claims. The drawings 
are merely illustrations, the speécification is 
the description, and the claim is the soul of 
the patent. The patent is in the nature of a 
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contract-—that is the modern view of it. The 
Government says to the individual: You 
have made an invention; you may, if you 
wish, keep that invention secret; you may 
use that invention as a secret process, and 
hand it down to your descendants if you can 
keep it secret; but if you come to us and tell 
us about this, explain it to us so that we can 
use it, then, as a reward for that, we will give 
you the exclusive privilege of the use of it 
for a term of seventeen years. The inventor 
must tell all he knows about it; if he deliber- 
ately holds back one thing vital, the patent 
is void. 

In this matter of patents for inventions 
there is great diversity in the practice of the 
different countries. Obviously, a man ought 
to get themonopoly of whatever new patent- 
able thing he has invented, but the practical 
question comes up as to just how to ascertain 
what that is. It should be well and sharply 


defined, but a careless or incompetent patent: 


attorney should not be able to take any night 
from the inventor. 

Latin nations follow the French system, 
which is exceedingly simple—a man files a 
description of an invention in the French 
patent office, and that is all there is to it. 
He can file the description of anything, and 
they will take it and grant a patent on it, 
and he can enforce that patent against anyone 
who uses any new or patentable thing found 
in the specification; but it is exceedingly 
difficult practically to find out what a French 
patent covers, on account of the absence of 
what we call the claims, and that is the diffi- 
culty with the French system, 

The German system is something like the 
American; a man is required to claim what 
he has invented. He specifies in a form of 
words the particular thing he has invented; 
but the construction of the claim is so 
different, the phraseology is so different, that 
we Americans, as a rule, cannot understand 
the German practice. 

The Japanese system is intermediate be- 
tween the German and American—it is not 
vet settled which way they are going. As 
far as I can see, the tendency is toward the 
German practice. 

In this country we have another system, 
which is a logical antithesis of that of the 
French. Here a man with an invention 
gives a description of some new thing, but 
he must do more than this; he must select 
and define certain things and say: “these 


are mine.” We call these claims, and the 
claim as I have said, is the soul of a patent. 
In a sewing machine, for example, a claim 
reads: ‘* The combination of a wheel, a treadle 
a shuttle,’ etc. Now this means that this 
man thinks he is the first that has ever put 
a wheel, a treadle and a shuttle in a sewing 
machine, and if this is the case, no one else 
can do this without infringing. Broadly and 
roughly speaking, a claim is a combination, 
and a thing does not infringe that claim unless 
it contains every one of those things, every 
“element” of the combination. The mere 
fact that it contains more things will not 
prevent it from being an infringement. We 
put as little into a claim as we can. For if 
a certain combination is new and is made up 
of three elements, and we put in four, any- 
body can use the three elements providing 
he does not put in the fourth one; so we have 
given away some of our clients’ rights to 
the public. Obviously the patentee must 
sharply define his claim. He often does it 
badly; he is often advised by poor attorneys, 
and is often ignorant of the real invention. 
It is exceedingly rare in ordinary practice 
for a man to know just what he has invented. 
An ordinary man says, “here is my inven- 
tion,”’ and it is a matter for cross-examination 
to find out what really belongs to him. 
Even the best of attorneys frequently fail 
to see the real gist of the invention and 
claim it more narrowly than they should. 
Many will remember when the Tesla 
patents were patents on detail improvements 
on electric motors; and ten years later they 
were foundation patents at the basis of a 
great art. That means, an art has grown up 
under those patents. So it is hard to say 
which patents arenarrow and which are broad. 


A man can obtain a patent on anything 
that is new, whether he has a right to use it 
or not, provided it fulfills the statutory re- 
quirements. If I invent a certain thing and 
patent it, and some one else makes an im- 
provement tomorrow, he can patent his im- 
provement, but cannot use my patent. The 
mere fact that the patent office has granted 
him a patent does not mean that he has a 
right to use that thing, but merely that he 
has the right to keep other people from using 
it. A patent grants the exclusive right to 
make, use and sell an invention; it excludes 
others from the use of a certain thing, It is 
on that point that some interesting State and 
Federal decisions have been made. 
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There are a number of cases where a man 
has made an invention the use of which was 
prosecuted as a criminal act in a state where 
it was against the law, the defendant main- 
taining that the patent was granted under 
the federal laws and statutes and therefore 
took precedence over state laws. Take as 
an example the case of a man in the state of 
Maine making and selling whiskey made by 
the use of a patent still, and defending him- 
self by saying: ‘This is my patent, in which 
the Government granted me the right to 
make, use and sell this invention; and I do 
not care for your local laws which say that 
it is wrong to distill whiskey.’’ The courts 
would hold that to be no defense, and the 
true reason for this is that the patent did not 
grant to this man a right to do anything, but 
simply the right to prevent others from doing 
something. It is no protection for him to 
say that he is working under the laws of the 
United States. The only thing he can do is 
to prevent other people from distilling whiskey 
with that particular still. 

Take as an illustration the automobile tire 
or bicycle tire. There was once a time when 
somebody had the conception of running a 
wheel on air enclosed in a surrounding tube. 
That thing was or might have been patented, 
and there is no reason why the man should not 
have had a patent as broad as the idea of the 
pneumatic tire. Suppose he had taken out 
that patent, showing the old _hose-pipe 
bicycle tire. Then suppose that in time it 
was found that it was difficult to repair a 
tire of that nature, and some one conceived 
the idea that the tube itself need not be cir- 
cular and continuous, but could be locked 
into the rim at each side; and that it need 
not be air-tight provided there is an air- 
tight tube inside, thus making the double- 
tube tire. Now he could patent that, of 
course. Then perhaps somebody wanted a 
means for taking off the tire more quickly, 
and got the idea of a quickly detachable tire, 
and so on; a dozen or a hundred inventions, 
culminating in some good automobile tire. 
Now the second man cannot make his tire 
unless the first man lets him. The man who 
conceived the idea of the double tube tire 
must use the invention of the first man, and 
so on. Of course, the first man's patent will 
expire, and then the second will go ahead. 


(To be continued) 


THE COST OF COPPER 


By Georce L. WALKER 
Author Walker's Copper Letters, Editor Boston Commercial 


The cost of producing copper depends 
chiefly upon the richness of the ore and the 
size of the ore deposit; but much depends 
also on the character of the mineralization, 
and minerals which are associated with the 
copper. Copperores which donot yield readily 
to known methods of reduction are called 
refractory. The most refractory ores are 
those in which the copper occurs as oxides 
and carbonates in a highly silicious gangue; 
and those ores in which the copper occurs in 
any of its various mineral forms associated 
with zinc, nickel, antimony or arsenic are 
also difficult to smelt and refine. 


The theory that there are some consider- 
able deposits of high grade ores which cannot 
be smelted or treated profitably, and the 
belief that large masses of native copper 
exist which cannot be cut up, are both un- 
founded. All of the large masses of copper 
ever found were cut up and marketed very 
profitably. Modern metallurgists can treat 
any Ore in existence at a good profit, provided 
it is rich and exists in sufficient quantities to 
warrant the construction of large plants. 

As a result of my personal inspection of 
practically all the producing copper mines 
in the United States and Canada and the 
largest one in Mexico, I have come to believe 
that necessity helps to develop an economical 
management and attain low production costs. 
The management of a mine in which there 
is an abundance of rich ore is always prone to 
overlook many of the small opportunities 
for economy of operation; but the manager 
who is forced to continue development work 
tirelessly in order to keep a mill running on 
a very poor grade of ore, and from it win pro- 
fits, is pretty sure to give careful attention 
to every known method of economy and use 
every one of them to its best possible advan- 
tage. Human nature asserts itself in mining 
as in all other pursuits, and the traditional 
relationship between necessity and invention 
is never severed. 


In copper mining the best results are 
practically always obtained from working 
very large bodies of low grade ore. To illus- 
trate: in the Cobalt silver district it costs 
$60.00 to $150.00 per ton to mine ore from 
veins which average three or four inches wide; 
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while in the British Columbia copper camp 
ore is extracted from a lode 300 feet thick, 
trammed half a mile and loaded on railroad 
cars at a cost of $1.02 per ton. 

Of course it is not practical to set up heavy 
modern mechanical equipment, hoists, elec- 
tric tramways, etc., to mine a small ore body. 
The narrower the vein and the more “‘ bunchy” 
the deposit, the greater relatively is the 
amount of dead work which must be done to 
mine a given tonnage of ore; hence the cost per 
ton increases with the narrowness of the vein. 

Those who know little or nothing of copper 
mining will be interested in a bnef summary 
of the methods by which the red metal is won 
from Mother Earth in different mining 
districts. 

At Lake Superior native (pure) copper 
occurs disseminated, chiefly in small particles, 
throughout porous beds or lodes of hard 
trap rock, called amygdaloid. About 120,- 
000,000 pounds is produced there annually 
from this rock which yields an average of 
about 18 pounds of fine copper to the ton, 
giving the rock a gross value of only $2.50 on 
a 13-cent copper market. The total average 
cost of handling this rock, however, is only 
about $1.80, which means a production cost 
of 10 cents per pound. This does not include 
the Calumet & Hecla which produces from 
85,000,000 to 90,000,000 pounds annually 
from a conglomerate rock which yields about 
40 pounds to the ton at a cost of about 9 cents 
per pound. The Tamarack and Franklin 
produce 15,000,000 to 20,000,000 pounds an- 
nually from lower grade conglomerate rock 
at a higher cost. 

At a cost of 15 to 25 cents per ton, Lake 
Supenor rock is milled and concentrated, 
40 to SO tons into one, and the mineral, or 
native copper, is refined by a simple smelting 
or melting process and put into the various 
shapes ready to be drawn into wire or rolled 
into sheets. It commands a higher price in 
the markets of the world than any other 
copper. Natural conditions are such that the 
simplest processes in use anywhere in the 
world can be employed. 

At Butte, Montana, the leading copper 
producing district of the world, the copper 
ores, chiefly chalcocite and enargite, occur 
in big fissure veins in a granite formation. 
The disposition of the wall rock to cave, 
necessitating the use of a great deal of strong 
timber and the refilling of stopes, makes the 
mining cost high. 


The ores are transported a considerable 
distance, the lower grade concentrated in big 
mills and the higher grade smelted direct. 
A portion of the ores have to be roasted to 
expel the excess sulphur before smelting. 
The arsenic is precipitated to prevent injury 
to vegetation and, incidentally, it is refined 
and sold, yielding a fair manufacturing profit. 

The matte, the first smelter product, is 
converted into buillion, about 99 per cent. 
fine. Then the copper is shipped to the 
Atlantic seaboard and refined electrolytically, 
a combined process of chemical and electric 
treatment, the result of which is a chemically 
pure copper. 

Butte ores yield an average of 65 pounds of 
copper to the ton; but operating expenses 
exceed $8.00 per ton. From $1.00 to $1.50 
in silver and gold is recovered, however, which 
keeps the cost of copper down around 10 
cents. 

There are only a few copper concentrating 
mills at work in Arizona, two each at Clifton 
and Morenci, and one at Globe ; but the greater 
portion of all the Arizona ores are smelted 
in bulk as they come from the mines. 

Bisbee is the highest grade copper district 
in the world. All the ore mined and treated 
there yields an average of 7 or 8 per cent. 
copper. The managers of the Bisbee mines 
and smelters, as a result, do not watch the 
cents but the dollars, and even these are not 
looked after so carefully but what another 
one could be saved per ton of ore treated, 
provided such a saving was really necessary. 
It is not—the mines of Bisbee pour out a 
golden river of profits year after year. 

In the boundary district of British Colum- 
bia what appears to have been originally a 
gigantic deposit of volcanic ash is being 
smelted direct and is yielding copper at as 
low a cost as 84 cents per pound. It is self- 
fluxing, containing all the lime and iron 
necessary to carry the ore through the furnace 
and making possible a very low smelting cost. 
Only about 25 pounds of copper, or about 
1} per cent. is recovered; but the ore also 
yields about $1.40 per ton in gold and silver. 
Mining is done at an exceedingly low cost, 
also, the total operating expenses figuring 
only about $3.00 per ton. 

At Ducktown, Tenn., ores yielding 32 to 
33 pounds of copper, and carrying no precious 
metal values, are being mined from very wide 
veins and handled so economically that the 
copper is produced at a cost of about 9 cents, 
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the direct blast furnace smelting system being 
employed. 

Of tremendous interest at the present time 
are the plans being worked out on a gigantic 
scale for the treatment of the large deposits 
of secondarily enriched porphyry at Bingham, 
Utah, and Ely, Nevada. At the first point 
one company is now treating over 5,000 tons 
of ore daily at a gross cost from the ground 
to the copper market of $2.10 per ton of ore. 
This ore contains less than 2 per cent. copper 
and the portion now being treated yields only 
26 pounds to the ton. At this rate the cost 
is only 8 cents per pound of copper. There 
is reason to believe that these big porphyry 
deposits will be a tremendous factor in the 
copper metal market in the future. 

In discussing copper costs I have included 
not only the expenses at the mine but those 
of management as well, so that my figures 
cover the cost of delivering refined copper 
to consumers, all expenses paid. Where ores 
contain gold and silver in addition to copper, 
the cost of the precious metals is not figured. 
It is assumed that they help pay the expenses 
of mining and treating the ores and thus re- 
duce the cost of copper proportionately; 
copper, not gold and silver, being the metal 
sought. 

The average cost of producing the world's 
output of refined copper during the past 25 
years probably has been slightly less than 10 
cents per pound, The average selling price 
has been about 134 cents per pound, resulting 
in a very substantial profit for an industry 
of such magnitude. As the world’s copper 
output in 1907 probably cost about 104 cents, 
and has been sold at an average of about 174 
cents, there was a net profit of 7 cents 
per pound, or a total profit of over $100,000, 
000 on the product of the world's copper 
mines, which aggregated about 1,550,000,000 
pounds. If the price of copper averages less 
than 14 cents per pound during the present 
year, production probably will not exceed 
1,350,000,000 pounds, and the aggregate 
profit at 134 cents will be about $50,000,000. 

In view of the fact that there are a great 
many mines in which the copper costs from 
11 to 13 cents per pound, there may be some 
authorities who will dispute my estimate 
of 104 cents as the average production cost 
last year. With one or two exceptions, how- 
ever, all of the world's largest copper mines 
make their product at a comparatively low 
cost. About 30 per cent. of the world's 1907 


output was produced by nine mines; Ana- 
conda, Boston & Montana, Copper Queen, 
Rio Tinto, Calumet & Hecla, Copper Range. 
Calumet & Arizona, North Butte and United 
Verde. All of these, with the exception of 
Anaconda, produced their copper for 9 cents 
per pound or less; Anaconda’s cost was 
probably 10, but possibly 104 cents. Rio 
Tinto’s cost probably did not exceed 74 cents, 
Calumet & Arizona's 74 cents, and Boston & 
Montana's 84 cents. 

There are a few moderately large producers, 
among which may be mentioned Greene Con- 
solidated, the Mansfield of Germany, Arizona 
Copper and the Old Dominion, whose copper 
costs from 11 to 15 cents per pound. But 
the aggregate production of these four com- 
panies is only equal to that of the Copper 
Queen and Calumet & Arizona combined, 
which are capable of making their copper at 
a cost of 74 cents. 

The cost of copper has very little to do 
with its market price. During the civil war, 
from 1861 until 1866, the price of copper did 
not decline below 174 cents, and it rose in 
July, 1864, as high as 55 cents. At that time 
miners were scarce and wages high; and un- 
certainty as to the future of the country had 
prevented a continuation of expansion and 
progress along general business lines, and in 
the copper producing world particularly. 
When business began to revive there was a 
scarcity of copper, and a sharp advance in 
price naturally followed. 

The lowest price ever recorded for copper 
was 9 cents per pound. This quotation was 
made in January, 1894, and was the result of 
the halt in general business, due to the Bryan 
silver panic. The lowest price the metal 
touched at the time of the failure of the 
Secretan Syndicate, in 1885, was 9} cents. 

While there have been most remarkable 
strides in the application of mechanical 
contrivances and of steam and electric power 
to copper mining, milling and smelting within 
a quarter of a century, the economies thus 
achieved have been very nearly counter- 
balanced by the advance in the wages of 
labor. I mention labor alone, but I wish it 
understood that the mining companies pay 
for labor not only in wages at the works, but 
in the higher prices of steel, coal, machinery 
and practically all supplies and equipment. 

The high development of mechanical. 
mining and concentrating devices has made 
it possible to treat a very much lower grade 
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of ore than could be handled profitably 20 
years ago. It therefore has been productive 
of the custom of mining the lean ore with the 
rich, thus greatly increasing the ore tonnage 
handled daily and reducing the general aver- 
age grade of ore treated in each of the several 
districts and by every big mine. 

The managements of the big established 
mines of Butte. Lake Superior and other 
districts are not striving to reduce the average 
cost per pound of the copper produced by 
their companies. They are interested rather 
in reducing operating costs in every depart- 
ment, that by so doing they may be able 
to increase the available tonnage of ore in the 
mines. To illustrate, suppose that only those 
portions of a company's ore deposits which 
assay 3 per cent. or more can be mined and 
treated so as to vield copper at a cost of 10 
cents. If the manager succeeds in reducing 
the average cost of handling a ton of ore by 
from $1.00 to $3.00, he will then be able to 
mine and treat all the ore in the deposit which 
contains more than 2 per cent., and still 
produce it at a cost of 10 cents. By doing 
this the total amount of ore available may be 
increased 50 per cent., and thus may add 
millions of dollars to the value of the property. 
For instance, 3,000,000 tons of ore averaging 
24 per cent, unavailable when operating costs 
were $6.00 per ton, on an operating cost of 
$4.00 would yield up its copper at a cost of 
10 cents, and would be worth, with copper at 
13 cents, $1.25 per ton net, or $3,750,000, 
as the ore would return this amount in profits. 

The assertion often heard that there is 
copper enough along Copper River in Alaska 
to supply the world for a thousand vears, 
should not be taken too literally. There is 
enough copper in the Lake Superior district, 
at Butte and in Arizona to flood the markets 
and close down all the other copper mines in 
the world, provided this copper could all be 
produced immediately at a very low cost. 
It is probable that 75 per cent., and possibly 
90 per cent. of all the copper in and adjacent 
to the districts named is so widely dissem- 
inated through the country rock as to make 
its recovery at a profit by any known method 
impossible. You must build mills or smelters 
or both before you can produce copper, and 
after they are finished there is a limit to their 
capacity. 


Speaking of a thousand years, a consider- 
able portion of this time will be required to 
develop, equip and man the copper deposits 
of Alaska and make them ready for production 
on any considerable scale. Alaska has the 
disadvantage of low grade ores and isolation 
from transportation and supply centers, and 
the only way to get labor there is to import 
it and then make living conditions sufficiently 
attractive to keep it there--by no means an 
easy undertaking. 

It requires from three to ten years to de- 
velop and equip a large copper mining enter- 
prise. Therefore, every time the world’s 
consumptive demand has a sudden and unex- 
pected increase, the price of copper must go 
soaring into the clouds. On the other hand, 
whenever there is a sudden contraction in the 
volume of the business of several countries at 
the same time, the price of copper has a 
severe decline. 


It is not necessary to tell the readers of an 
electrical magazine that the future of the 
copper producing business is assured. The 
electrical age, upon which we are now enter- 
ing, of course means an age of copper. As 
the development of the steam railroad was 
predicated upon a profitable iron and coal 
mining business, so must electrical progress 
make a market for a steadily growing pro- 
duction of copper. 

The world’s great copper deposits are in the 
United States. Though this country is 
young, its mines located far inland, and 
its wage scale higher than any other, it 
produces about 60 per cent, of the world’s 
copper output. Copper has the advantage 
of a world-wide market, always selling on a 
given day at the same price in Tokio, London, 
New York and San Francisco. Copper can 
be shipped half way around the world for 6 
per cent. of its value, while it would cost 
150 to 200 per cent. of the value of pig iron 
to transport it a like distance. When the 
industries of one country are depressed, 
therefore, a market for copper can usually 
be found in others. During the past six 
months, for instance, much more than the 
normal proportion of the production of this 
country’s mines has been sold in Europe, 
domestic consumption having declined 50 to 
60 per cent. 
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THE ELEMENTS OF STEAM LOCOMOTIVE DESIGN* 
By C. J. Mettin 


The design of a locomotive is based on the 
conditions under which it is to work and 
the kind of service required. These factors 
govern the type and proportions of the engine 
if left to the builder for decision; the type. 
however, is in many instances a choice of the 
purchaser. In either case, the first considera- 
tion is the allowable wheel pressure on the 
rail, and by this is determined the weight on 
the driving wheels. The maximum curva- 
ture of the road limits the length of the rigid 
driving wheel base, and, in the best cases. 
it is not advisable to make this over 16 or 17 
feet, and then only for slow-going freight 
engines. This generally limits the number 
of driving wheels to four pairs for freight and 
three pairs for passenger engines. It is 


There are further to be considered fast 
freight, and mixed freight and passenger 
service. in which both types of trucks are 
used. and to meet these varving conditions, 
several types of engines are brought into 
existence. 

These various types are distinguished from 
each other by names and figures, depending 
on the wheel arrangement. For the ordinary 
locomotives, these figures represent the group- 
ing of the wheels. where the first figure signi- 
fies the number of wheels on the first truck; 
the second, the number of drivers; and the 
third, the number of wheels in the trailing 
truck. 

We have thus the light passenger or eight- 
wheeled engine, with a four-wheel truck and 


Fig. 1. Atlantic Type of Passenger Engine. Weight of Engine 200,000 Ibs; 
Weight of Tender 122,000 Ibs. Tractive Effort, 23,500 Ibs. 


better to couple as few wheels together as 
possible, and therefore three pairs of coupled 
drivers are often used for freight, and gen- 
erally two for passenger service. So far as 
the driving wheel arrangement goes, this 
would only make four types of road engines; 
but as all road engines must, for the sake of 
safety, have a guiding truck, it is generally 
considered that a two-wheel or “pony” 
truck, is the most suitable for freight engines. 
partly because it can be held to the track 
with less dead weight, and partly because it 
adds the least to the already long total wheel 
base of the engine. The four-wheeled truck 
is mostly used in passenger service. 


* Lecture delivered before Schenectady Section A.LE.E, 


four coupled drivers, which is classified as 
4-40, the last figure indicating that there are 
no trailing wheels; medium sized passenger 
engines, or Atlantic type 44-2; heavy pas- 
senger engines, or Pacific type 46-2; and 
the ten-wheel type 460. The latter, as 
well as the Mogul engine 2-6-0, and the Prairie 
type 2-6-2, are also very suitable for mixed or 
fast freight service. For regular freight ser- 
vice, the Consolidation class 2-8-0 has prac- 
tically become the standard, and for heavy 
freight the Articulated class 0-66-0 is rapidly 
looming up as another advance toward meet- 
ing the constantly growing demand for in- 
creased power units. 
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For switching service, it is considered that 
no truck is needed for guiding purposes, and the 
slow and intermittent runs, and consequently 
the smaller weight of the boiler, favors the 
adoption of only coupled wheels and a short 
wheel base, which is of great advantage in 
view of the numerous and sharp curves in 
yards and around freight houses. The 0-6-0 
type has practically obtained the entire 
possession of this field, and only in a few 
instances has it admitted the 0-S-0 tvpe as a 
special assistant. 

This comprises practically all of the general 
types of engines for ordinary railway service, 
and we shall find after careful investigation, 
that each of the above types meets conditions 


ity; and thirdly, the service speed (and maxi- 
mum speed at a given weight of train if the 
engine is intended for passenger service). 
Maximum grade, condition of road _ bed, 
curves and bridges are all factors that must 
be considered in order to produce the most 
servicable engine. These conditions are often 
of so fluctuating a nature that only experi- 
ence and good judgment can determine the 
most suitable type and the fundamental 
dimensions, Thus the type and the combined 
weight and diameter of the dnving wheels 
are decided upon, and usually the total weight 
of the engine. Within these limitations the 
work of laying out the engine can be started. 
The required cylinder power is hgured out on 


Fig. 2. Articulated Type of Freight Locomotive. Twelve Drivers. Weight of Engine 
206,000 Ibs.; Weight of Tender 90,000 Ibs. Tractive Effort, 42,400 Ibs. 


on the road where it is more suitable than anv 
of the other types 

The large demand of speed and power for 
passenger service brought into existence the 
Atlantic and Pacific types, superseding the 
eight and ten wheel engines with larger 
wheels, larger cylinders, and consequently 
larger boilers. These enlargements neces- 
sanly increased the weight of the engines be- 
yond the allowable rail load. and the spread 
of the firebox for obtaining the required grate 
area necessitated the introduction of a pair 
of trailing wheels under the overhanging 
firebox. 

As previously stated, the road and service 
conditions determine the size and type of 
the engine, which means, in the first case, 
the allowable weight per driving wheels on 
the rail; secondly, the required hauling capac- 


the basis of the tractive weight, which is only 
another designation for the weight of the 
driving wheels on the rail. 

The tractive power is usually figured out to 
be 22 to 24°; of this weight, and is found by 
the following formula: 

231 CPS 

Wo” DD 
where W =the weight exerted by the drivers 
on the rail; 

(=a coefficient varying with the speed 
and cut off; 

d ~ diameter of the cylinder, 

S =stroke of the piston; 

P =boiler pressure ; 

D = diameter of the drivers; 

F —tractive power. 


ae (1) 
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The boiler pressure is always predeter- 
mined, while the diameter of the drivers is 
in proportion to the required speed, and is 
made about equal, in inches, to the speed in 
miles per hour, at which the engine is ex- 
pected to run. The stroke is selected so as 
to, give the required maximum train speed 
with a moderate piston speed. 

We have next to find the diameter of the 
cylinder, but this is dependent on the value 
of C at the maximum speed and cut-off. This 
value is expressed as a percentage of the 
boiler pressure, and when multiplied by the 
latter, gives the average cvlinder pressure. 
The average pressure for a given cut-off may 
be found from formula 2 as follows: 


P (1+log.n x 
Peat eet 5 (2) 
" 
where P, = the average pressure in the cvlinder 
with » number of expansions. Since the 


is only an extremely small fraction of the 
admission volume. Therefore, the generally 
accepted value of C is 85°% of the boiler pres- 
sure, for a piston speed not exceeding 250 
feet per minute and with a cut-off at 87°, of 
the stroke; this gives the maximum tractive 
power of the engine, and is the regular rule 
for simple freight engines. 

For high speed the value of C falls grad- 
ually, and will be about 30°; at 1000 feet 
per minute piston speed. 

It remains now to find the diameter of 
the cylinders, which is done by transposing 
formula | as follows: 


_ DF 
~ CPS 


| De” 
N CPS (3) 


The train resistance must not, of course, 
exceed the pulling power of the engine, and 
the size of the train will be arranged accord- 


7 i 


,ord= 


Fig. 3. “Hump” Type Freight Locomotive Special, Weight of Engine 270,000 Ibs,; 


Weight of Tender 149,600 Ibs, 


engine is non-condensing, the atmospheric 
pressure (15 lbs.) must be subtracted. This 
formula gives us the result of a constant 
product of volume times pressure, whereas 
steam expands adiabatically; that is, the 
temperature falls with the pressure and causes 
a slight fall in the expansion curve. 

We have further a “wire drawing" of the 
steam at high speeds, and back pressure to 
take into consideration; these modify the 
expression for formula 2 and make it uncer- 
tain, because of the uncertainty of the actual 
loss in pressure due to the higher velocities 
of the steam through the passages, and to 
cylinder condensation, In the ordinary en- 
gine the number of expansions are seldom 
over three, and at the maximum power this 


Tractive Effort, 55,362 Ibs. 

ingly. In many instances the weight of the 
train is put down as the fundamental require- 
ment, and it is then necessary to find the 
resistance of the train, and from this side of 
the question determine the tractive power 
and number of driving wheels needed to han- 
dle this resistance. 

It will be considered that for passenger 
service the weight of the train must always 
be limited to the tractive force obtained by 
employing three pairs of coupled wheels, 
because the long wheel base that an additional 
coupled pair of wheels necessitates is danger- 
ous for high speed on curves. In freight 
service, however, a comparatively recent 
development has been introduced by sub- 
dividing the driving wheels into two groups 
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of engines in a so-called articulated system, 
whereby practically any desired size of train 
can be handled, limited only by the strength 
of the draft gears. It is not improbable that 
this type will find its way into passenger 
service also, to meet exceptionally heavy 
road conditions. 

The train resistance per ton weight due to 


ray \V ; 
rolling, is found to be = a 2, where V is 


the speed of the train in miles per hour. 
Resistance due to grade =sin x, or sine of 
the angle of inclination, which is usually 
expressed in feet per mile. Calling the 
number of feet of inclination per mile M. 
we get the resistance per ton of train weight 


2000 ee 
= 5280 M am OBS 

The curve resistance is found to be about 
0.5 Ib. per degree of curvature per ton, 


train and engine. which, when F is given, 
will be 


Ret cum f — (8) 


V 
1.08(5 +2+.38M +.5b + .0126V") 


The factor 1.08 represents the internal 
resistance in the engine. 

For the resistance at uniform speed, the 
term 0.0126? representing the acceleration 
should be eliminated, since no further accel- 
eration takes place, and consequently such 
resistance disappears. 

The tractive power of compound engines 
is based on the low-pressure cylinder only, 
when working compound. In the following 
formula for compound working, d represents 
the diameter, of the low-pressure cylinder, 
while the coefficient C is a modification of 
formula 2, and for maximum power is equal 


Fig. 4. The Latest Type of Articulated Freight Locomotive. Largest Engine Ever Built. 
Weight of Engine 410,000 Ibs.; Weight of Tender 160,000 Ibs, Tractive Effort 94,800 lbs. 


The acceleration, including the revolving 
of wheels and axles with that of the weight 
of the train, figures up to be about 0.0126V? 
per ton. 

Adding to this the resistance of the engine, 
we get the following formula, which must be 
equal to F in formula 1, namely: 


R= 1.08 (5 +2 + .38M + .5b + 


01267 ) T= F (4) 
R being the resistance of the train, including 
the weight of the engine and tender; and being 
the opposite of the tractive power, it is 
also equal to F. The symbol 6 represents 
the number of degrees of the sharpest curve, 
and 7 the number of tons in total weight of 


to 0.54 when the cylinder ratio is 1:2}, as is 
usual in two cylinder or cross-compound 
engines. Where the ratio increases, as is the 
case in some designs of three and four cylinder 
engines, the value of C decreases. 

When working the compound engine sim- 
ple, with independent exhaust for the high- 
pressure cylinder, at will, and with properly 
reduced pressure for the low-pressure cvlin- 
der, the high-pressure cylinder is the base 
for the tractive power, as per formula 1, or: 


_CP#S 


F D 


(working simple) (6) 


where d =diameter of high-pressure cylinder 
and ( =0.S88: 
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For working compound: 
CP#S 
F aD (7) 
where d=diameter of low-pressure cylinder, 
and C = 0.54. 

Por three and four cylinder compounds, 
where the cylinder ratios are 1:3, and where 
two low-pressure cylinders are used, we get, 
when working compound: 

Ps 
where d=diameter of low-pressure cylindeT 
and=C 0.50. If provided with an intercept- 
ing valve for simple working, 20% increase 
in tractive power is obtainable. 

For four-cylinder articulated engines, the 
same formula (7) holds good for working 
compound, but as the cylinder ratio is about 
1:24, the value of C =0.54. 

In working the articulated engine simple 
we get: 


CPadS 
F=2 (45°) (9) 


where d= diameter of high-pressure cylinder, 
and C=0.85. 

For triple expansion engine, with two low- 
pressure cylinders, formula 7 is used by 
substituting 0.40 as the value of C; but this 
takes us somewhat into the future, and we 
will leave off here for the t, merely 
pointing towards what we still have unde- 
veloped ahead of us. 

Since we have found the cylinder diameters 
and the stroke of the piston, we will proceed 
to determine the heating surface and grate 
area, which are two of the most important 
factors in a successful locomotive. 

There are two different methods employed 
for determining these factors; one being 
based on the maximum horse-power that the 
engine must develop, while the other is to 
proportion them on the volume of the cylin- 
ders. A third method; namely, to base the 
amount of steam used on the cut-off pressure 
when the greatest horse-power is being devel- 
oped, is probably as good as any, when the 
actual cut-off pressure can be obtained in 
advance; but as that usually has to be 
estimated, it would be difficult to arrive at 
any uniformity. As this is also to a great 
extent the case with the first method, the 
second is very generally adopted and found 
to give satisfactory results. 

This method is to make the heating sur- 
face in square feet, not less than 450 times 


the volume of one of the cyi:iniers sx cubic 
feet, for passenger engines, and 4) trmes 
this volume for freight engines; it 1s destrable 
to make it greater when the we:gh: of che 
engine and other circumstances Wii adcomrt 
The grate area should be about -, of th:s 
amount. 

A selection of a graphic representat:on per- 
taining to the balancing of and the distribu- 
tion of weights of Articulated engines is shown 
in Fig. 5, an explanation of which 1s as 
follows: 

The Articulated type of engine consists of 
two systems, of lateral flexibility in their rela- 
tion to each other. of which the front group 
of wheels, with frames. cross-ties and low- 
pressure cylinders, forms one system; and the 
rear group, with frames, cross-ties. high- 
pressure cylinders. boiler, cab and fittings. 
forms the other. The location of the small 
balls in the cut represent the longitudinal 
center of gravity of the respective systems, 
and the arrows under the wheel groups, the 
supporting centers. 

It will be noticed that the center of gravity 
in both cases falls ahead of the supporting 
centers, and that the rear system with the 
boiler, etc., is considerably heavier than the 
front system. One-half of the difference of 
the weights must therefore be carried by the 
front engine in such a way that it balances 
the weight of the latter over its supporting 
point. The momentum curve of the front 
engine is transferred to the rear of its sup- 


— 
| 


Fig. 5. Diagram Showing System of Weight 
Distribution of Locomotive shown in Pig. 4 


porting center, and the momemtum curve of 
the rear system is extended until it intersects 
with the former. These curves are laid out 
with reference to the respective supporting 
centers, and the weight represented by their 
vertical height above a common base line. 
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We can now readily find the weight on the 
rail of each system, which, due to continuous 
equalization within itself, is concentrated in 
the middle of each wheel group, referred to 
above as supporting centers indicated by 
arrows. In order to obtain equal weight on 
both supporting centers or both groups of 
wheels, the center of gravity of each system 
must be thoroughly figured out and the var- 
ious parts of the engine so placed that the 
desired location of the intersecting point is 
obtained. This intersecting point then be- 
comes the vertical bearing point on the front 
engine where one-half the difference of the 
weights between the two systems must rest 


to bring the front engine in complete equi- 
librium over its own supporting center, 
and equal distribution throughout the en- 
tire engine takes place as illustrated by 
the lever system in the upper part of the 
figure. 

This is the ideal condition, which, however, 
for ordinary service will produce too sensitive 
an engine. It is better to locate the actual 
bearing point in front of the virtual one and 
apply an adjustable hanger, or strut, as may 
be most convenient, in the rear of this, as 
indicated in the top of the figure, and thereby 
establish the desirable stability without dis- 
turbing its equalization. 


INFLUENCE OF WAVE FORM OF E.M.F. ON CORE LOSS AND 
EXCITING CURRENT IN TRANSFORMERS 
Part Il 
By L. T. Rosinson anv O. Howz 
GENERAL ELectric STANDARDIZING LABORATORY 


The exciting current, which we will call /,, 
is composed of two components, the energy 
current /,, and the magnetizing current Jj. 

The energy current is that component of 
the total exciting current which is in phase 
with the impressed electromotive force F, and 
is equal to the watts supplied to the core 
divided by the e.m.f. impressed; the J KR drop 
of voltage due to the exciting current being 
negligible 
Ww 
E 

The magnetizing current is that component 
of the total exciting current which is at right 
angles to the impressed e.m.f. FE, and is there- 
fore equal to 


In = VI2Z-1/ (7) 
The relation between the two currents /, 


and /,, and the total current /, can also be 
expressed as 


~ (6) 


I, = cos@ x I,, and (8) 
Im = sinO x I, (9) 


The currents are given in effective values, 
and 6 is the equivalent angle of lag corre- 
sponding to sine waves. 

It has already been shown that the hys- 
teresis component of the core loss is inversely 
proportional to the 1.6 power of the form- 
factor of the e.m.f. wave; therefore the 
energy current is influenced by the form- 


factor of the wave, because the quantity W 
is made up of hysteresis and eddy compon- 
ents. Hence, the effect of the e.m.f. wave on 
I, may be determined by separating /, into 
its eddy and hysteresis components and cor- 
recting the hysteresis component alone for 
the form-factor of the wave; or we may 
write 
- Wy+ Ww. = Wi WwW, 

E ECE 
where W, is power consumed by eddy cur- 
rents and W), is the hysteresis loss on any 
wave b, differing from a sine wave a,and equal 
to W), observed multiplied by 


LF 


1.11 1.6 
form-factor of b 


Let us now consider in what way the cor- 
rection for wave shape may be applied to the 
magnetizing current J. 

The maximum magnetization caused by 
I, depends not on the effective value of J,, 
but on its maximum value, and also upon the 
permeability of the core at the maximum 
Magnetization, 

Different magnetizing currents are com- 
putéd from /, by (7) or (9), which will give 
the effective values, as /, will be observed on 
an ammeter, and hence its effective value only 
is known. The maximum value of J,, must be 
that which will give a density corresponding 
to the form-factor of the wave 6 on which the 
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observations are made. The density is found 
from equation: 
Ex 10° 


B > — r 
' 4x Ax N xcycles x form-factor 


(10) 


where A is the cross section of the iron core 
and N is the number of convolutions in the 
winding used 

K 
form-factor } 

K 
” form-factor a (11) 
B, form-factor b 
~ form-factor a 


or By, = 


and B, 


form-factor bh 


x B 
form-factor a 5 


and B, = 


The form-factor a of sine wave is 


1 
/2 T 
= <== 1.11 
2 2vV2 
: 


from which we find B, at sine wave. 

Now, knowing both densities, that of test 
and that corresponding to sine wave, we find 
from the saturation curve of the transformer 
H), corresponding to test wave 6, and H, 
corresponding to sine wave a, 

d 


As H = 5 x N x J,, max., we have 


Hy Tj, max. with e.m.f. wave a 
Aly Jy Max. with e.m.f. b 


(12) 


To simplify notation, it will be understood 
that J, is the magnetizing current with im- 
pressed e.m.f. of wave shape a, and the same 
with respect to Jy. 


Im Max. 


: is called the amplitude 
Im effective r 


Now, 
factor, or J, max, = J, effective x ampli- 
tude factor. 

H, — Ima effective x amplitude factor of a 
Hy, — Im effective x amplitude factor of b 
amplitude factor of 6 


and Ji, effective = 
; over amplitude factor of a 


x x Imp effective. (13) 
b 


Now assume, for the sake of simplicity, that 
a and 6 have the same amplitude factor; we 


have then (14) 
I, at sine wave of e.m.f. = H. x Im of test. 

b 

To find the magnetizing force at densities 
below the knee of the saturation curve. it is 
preferable, due to the steepness of the B and 
H curve, to divide B by yu, instead of reading 
H directly from the B and H curve, in which 
case 


B, x by (15) 


By Xa 


Therefore, the process of finding the mag- 
netizing current corresponding to a sine wave 
e.m.f. a, consists in finding B existing at test 
by means of the form-factor (equation 10) of 
the impressed e.m.f. wave 6, and multiplying 
this B by the ratio of the form-factor of test 
wave to that of sine wave (1.11). We thus 
find B for the sine wave. From the B and H, 
or B and » curve, we find the corresponding 
H's, and we multiply /,,, as found by (7), by 
the ratio of H corresponding to B at sine 
wave e.m.f. a, to H corresponding to B of 
test wave b. 

The two components of the exciting cur- 
rent on sine wave of e.m.f. a are now known, 
and are added at right angles to give the total 
exciting current /,; 1. e.: 

Vimy? + [2 = 1, 

Now assume that the wave of emf. /, on 
which the exciting current /, was determined, 
has the same form-factor as that mentioned 
on page 237 (April Review); namely, 1.25. 

In a transformer of 20° eddy loss and SN", 
hysteresis loss, we found that the core loss on 
a sine wave would be 1.23 times that found bv 
testing on wave 6. Assume now that we 
found on this wave b, that 


T,, at sine wave = xIm at test. 


watts = 100 

power factor =0.4 

.Now from (6) we find e.m-f, current 
(7) 

= et a = 1, and from (7) we find 
magnetizing current J,, = V2.3°-F = 2.20, 
W becoming 23°, greater on sine wave 
Therefore, from (6) we get /, = 1.23. 

To correct /,,, assume that we had a density 
of 11100 B on the test wave 6; then the 
density on sine wave will become 

1.25 


= 12500. 
11100 x 79 = 12500 


F 
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Again referring to the saturation curve, we 
find that 


H at 11100 B = 4.3 
H at 12500 B = 6.5 


The magnetizing current found above; 
namely 2.29, is now multiplied by re to 
obtain the new magnetizing current on sine 
wave a, and is equal to 3.46, and the total 
exciting current = V 3.467 + 1.23*° = 3.68. 

That is, the total exciting current has been 
increased 47°,, and the power factor of the 
core loss has become 0.334. 

As before stated, this approximate correc- 
tion of exciting current is based on the 
assumption that the ratio of J, max. to J), 
effective, is the same with e.m.f. wave a as 
with wave 6. Actually, this ratio, or ampli- 
tude factor, which is on a sine wave \/2 or 
1.414, increases with the density, which fact 
makes the results calculated as above only 
approximately correct. The amplitude factor 
of the exciting current can be found from an 
oscillogram of the test wave, and this factor 
corrected for eddy currents would give the 
amplitude factor of /J,,,. But the amplitude 
factor of 7,,, would still be unknown. This 
latter may be determined by plotting the 
current wave from the hysteresis loop of the 
iron, but accuracy of this degree will rarely be 
required. 

The correction computed as above applies 
to cores of perfectly closed magnetic circuits. 
In open circuits, that is, in cores with an air 
gap, the combined permeability of iron and air 
is more constant, and the magnetizing current 
will be subject to less variation; but it will be 
difficult to make comparison for different wave 
shapes, as core loss and magnetizing current 
will be influenced by the leakage which will 
vary at different densities. 

In transformers with very high tension 
primaries or secondaries, say 100,000 or more 
volts, the exciting current contains another 
component of appreciable magnitude; viz., 
the condenser or capacity current which flows 
through the dielectric, solid and liquid. This 
capacity current is very sensitive to wave 
shape, and its effect must be considered in 
dealing with the subject. This can only be 
dealt with by analyzing the wave shape of 
e.m.f. into the fundamental and its harmonics, 
and from this analvsis computing the capacity 
currents and their effects. 


While the wave u was assumed to be a sine 
wave, and the wave > was taken as a pointed 
one, and therefore producing smaller maxi- 
mum B at a given voltage, the same method 
and formula may be employed when dealing 
with a wave b having form-factor less than 
1.11. In this case, the correction to sine wave 
values will produce smaller values instead of 
larger, as shown in the examples taken. 

It is also evident that observations on any 
wave 6 may be corrected to any wave a not a 
sine wave in the same manner, and the results 
which will be obtained on any known wave 
may be predicted. 

The examples given are not taken from 
tests, but were chosen arbitrarily, simply to 
illustrate the use of the formule. The re- 
sults of some actual tests in which the cor- 
rections have been applied in the manner out- 
lined will next be considered. 

(To be continued ) 


TUNGSTEN ECONOMY DIFFUSER 
By W. D’A. Ryan 
The tungsten economy diffuser fills the 


demand for a large lighting unit, having 
approximately the same power as the enclosed 


Fig. 1. 26 in. Tungsten Economy Diffuser 
for Store Lighting 


are lamp, and provides, in addition, a light of 
variable intensity, with a wide range of watt- 
age adjustment without mechanical change. 
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By using various combinations of 40, 60 Double Circuit Triple Watt Combinations 
and 100 watt lamps, the cluster can be made 
to operate at 120, 180, 240, 300, 360, 420 and 3- 40 watt 120 watts 800 watts 
480 watts, in the following combinations: 3- 60 watt 180 watts ane? 


Fig. 2. 26 in, Tungsten Economy Diffuser for Mill Lighting 


Single Circuit Combinations 3- 40 watt 120 watts 9 
3- 40 watt 120 watts 3-100 watt 300 watts j 420 watts 
3-— 60 watt 180 watts 3- 60 watt 180 watts | | 
3-100 watt 300 watts 3-100 watt 300 watts 480 watts 


Fig. 3. 39 in, Tungsten Economy Diffuser for Mill Lighting 


Double Circuit Combinations The triple combinations, such for example 

2 circuits of 3-40 watt lamps each, as the three 60 and the three 100 watt lamps, 
120 and 240 watts giving 180, 300 or 480 watts at will from a 

2 circuits of 3-60 watt lamps each, single switch, are of exceptional utilitarian 


180 and 360 watts and economical value. 
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Mechanical Construction 

The diffuser is designed primarily to carry 
six tungsten lamps suspended in a vertical 
position. Very good results, however, can 
be obtained by the use of cither tantalum 


the 39 in, will be found more satisfactory, 
as it gives somewhat better distribution and 
diffusion, although it is not so attractive in 
appearance. We have found from experience 
that the 30 in. tungsten economy diffuser 


Fig. 4. Exploded View of 26 in. Diffuser 


or carbon filament incaundescents. When the 
latter are used, the platform carrying the 
lamps can be readily lowered without taking 
the fixture apart. This adjustable feature 


gives excellent results for mill lighting when 
equipped with three 100-watt tungsten lamps. 
This permits, for the same energy, somewhat 
closer spacing than arc lamps, which arrange- 


Fig. 5. Sectional Diagram Showing Passage of Air through Diffuser 


makes the fixture universal for all types of 
incandescent lamps. 

For store lighting, the 26 in. diffuser is 
recommended, and for mill and factory work 


ment is particularly desirable on low-studded 
floors with over-head belting. 


Finish 
Fig. 1 shows the standard 26 in. cluster. 
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The diffuser is made of steel, coated with 
white porcelain enamel on the under side and 
black on the top. The supporting reflector 
is made of brass with nickel finish, and 
carries springs to compensate for expansion 
or variation in the size of the globes. 


Fig. 6. Connections tor Economy Diffuser 


The casing is finished in streaked oxidized 
copper. When specially ordered, streaked 
oxidized silver or verde-antique can be 
supplied. The chain suspension and canoptes 
are finished to correspond with the casing. 
and will be shipped only when called for in 
the requisition. 

The 3% in. or mill type tungsten diffuser is 
identically the same as the 26 in., except that 
the diffuser is larger. and in place of being 
finished in porcelain enamel. it is coated with 
white zinc enamel. The 39 in, diffuser is 
shown in Fig. 3 


Shade 


The shade ts made of clear glass frosted on 
the inside. and tis curved so as to take the 
general shape of the lamps. Placing the 
frosting on the tnstde of the shade gives a 
lower intrinsic brilliancy than is obtained by 
the same grade of frosting placed on the 
lamps. and does not reduce the hfe of the 
lamp. 

The six-lobe shade is standard for all lamp 
combinations, and the curvature of the shade 
minimizes the spotted effect so apparent 


when part of the lamps are extinguished in a 
fixture having a spherical globe. 


Ventilation 


In order to prevent an excessive rise of 
temperature, the air is drawn into the bottom 
part of the reflector, passes around the bulbs 
of the lamps, and mixes with an upper ingress 
of air passing between the top of the shade 
and the reflector. This stream of air mses 
through the star-shaped openings in the 
central reflector and passes out through the 
ventilating ring in the casing, 


Wiring 

All fixtures are shipped wired for two 
circuits of three lamps each, one of the leads. 
which is common to both circuits, being blue. 
while the other two are black. When the 
customer does not wish to use the double or 
triple wattage combinations, the two black 
leads may be joined together, thereby making 
a single circuit. 

When the double and tnple combinations 
are required, we recommend the use of a five- 
point switch placed in one side of the line. 
as shown in Fig. 6. 

When the diffuser is equipped with three 
0 and three 100-watt lamps, the first point 
on the switch will turn on the three 60-watt 


PGE ie eras amg? ABMS Larges Cart 


' 


Fig.?. Economy Photometric Curves, Showing Relative 
Niumination for the Different Combinations 


lamps (ISO watts); the second point will 
extinguish the “stxties"’ and turn on three 
iMtwatt lamps (300 watts): and the third 
point will combine both groups. taking 480 
watts. In all cases the fixture should be 
operated with either three or six lamps, as 
any other number will cause a distortion in 
the distribution of the hight, and will destroy 
the svmmetmeal appearance of the fixture 
when luhted. 
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TUNGSTEN LAMPS 
By A. D. Pace 


Manaxer Incandescent Lamp Sales. General Electric Company 


The General Electric Company has met 
with very gratifving success in the introduc- 
tion of the tungsten lamp. particularly the 
100-watt multiple tvpe. To date these lamps 
have been placed on illuminating circuits in 
630 cities and towns in not less than standard 
package quantities. In 295 cities and towns 
additional orders have been received from 
customers who less than three months ago 
placed orders for their first trial packages. 
There is no record of any place where the 
lamps are not giving satisfactory results. In 
one city over 2500 100-watt tungsten lamps 
have been ordered by one customer, and 11 
other cities have each placed orders for over 
500 lamps. 

Very accurate reports have been received 
as to the breakage of lamps in transit; and 
this has averaged, on shipments to all parts 
of the United States, less than one and one- 
half per cent. The customer above referred 
to, who, as stated, has ordered more than 2500 
lamps, reports that he has carefully examined 
those received and found that the breakage 
in transportation was less than | per cent. 
On over 1200 lamps sold and delivered to cus- 
tomers, including all lamps which burned out 
inside of 25 hours, the accidental breakage in 
handling was less than 14 per cent., making 
the total breakage and early burnouts up to 
the time the lamp had lived 25 hours, a total 
of less than 24 per cent. 

The Company has just commenced to solicit 
orders for and make shipment of 60 and 40 
watt lamps, and during the last ten days the 
orders for these types have amounted to over 
22,000 lamps. The Company's total orders 
to date for the three types (100. 60 and 40 
watts) have amounted to over 85,000 lamps, 
of which amount over one-half was sold during 
the month of March. 

The tungsten lamp gives a light of high 
brilliancy and of agreeable color and quality 
closely resembling daylight, with the remark- 
able efficiency of from 1 to 1} watts per 
candle. Compared with the ordinary carbon 
filament lamp of equal life (34 w.p.c.), for the 
same power consumption the tungsten lamp 
produces a superior quality of light of practi- 
cally three times the volume of the former. 
The actual saving is 2.25 watts for every 
candle of light, giving a saving of 2.25 kilo- 
watts hours for every 1000 candle hours, 


The low resistance of tungsten necessitates 
a considerable length of filament for a 100-120 
volt lamp; the filament is therefore made up of 
four or five hairpin loops connected in series, 
as shown in the accompanving illustration. 


(Mhustration 9 actual size} 
GE Regular Tungsten Lamp-—100 to 125 Volts — 10 
Watt—60 C.P. (Mean Horizontal) 


The Tungsten lamp is serviceable on both 
alternating and direct current, and gives equal 
life -approximating S00 hours —on both. 
Tests conducted show a remarkably slow and 
small decline in candle-power during’ life; 
so small that well-made lamps can be satis- 
factorily used until they burn out. 
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HORIZONTAL TYPE OF CURTIS STEAM TURBINE 


By Ricuarp H. Rice 


The phantom illustration of a small direct 
current Curtis turbine set on page 246 shows 
the simplicity of the unit. The principal 
rotating element, so far as operating condi- 
tions are concerned, is practically a single 
piece, made up as it is of a shaft carrying 
armature, commutator and two turbine 
wheels. As this shaft is carried in only two 
bearings, which number would be required 
for the armature alone in the case of an ordi- 
nary generator or motor, the addition of the 
turbine driver has obviously not complicated 
the rotor from an operating standpoint. As 
a matter of fact, the presence of the turbine 
wheels has simplified the bearing problem, by 
reason of the fact that the center of gravity 
of the rotating system has been brought with- 
in the main bearing; and, therefore, since it is 
the only bearing carrying any weight, it is the 
only one requiring any special means of 
lubrication. 

The special means of lubrication provided 
consists of a small gear pump located on the 
lower end of the vertical shaft driving the gov- 
ernor and valve gear. This vertical shaft re- 
ceives motion from the main turbine shaft 
through a worm and gear, the worm being 
placed adjacent to the main bearing. In addi- 
tion to the very slight amount of power re- 
quired to operate the pump, the vertical 
shaft has only to rotate the inertia governor 
and supply an occasional momentary impulse 
to open or close one of the number of small 
governing valves which admit or shut off 
steam from the nozzles of the turbine. The 
light load on the worm gears, and the ample 
lubrication provided are responsible for the 
ascertained fact that the wear on these parts 
is imperceptible. Measurement on a set after 
two years of operation failed to reveal any 
appreciable wear; the teeth of the worm and 
gear were both within the original limits. 
Altogether, some hundreds of worm drives of 
this character are in operation throughout the 
country, and not one has ever had to be re- 
placed. 

The main bearings are similarly long-lived. 
The high speed of the shaft, when ample lubri- 
cation is supplied, is a positive advantage, 
since the shaft forcibly draws into the bearing 
a substantial quantity of oil, and therefore al- 
ways runs on oil, and never touches the bearing. 
There is consequently no wear of the bearing. 


The steam using elements of these turbines 
should be compared with those involved in the 
operation of reciprocating engines, if the chief 
advantages of the turbine are to be realized. 
In the case of the reciprocating engine. a 
definite quantity of steam is measured off for 
each stroke; this quantity of steam is then 
confined in the cylinder behind the piston and 
allowed to expand as the latter moves on- 
ward to the end of the stroke. Exhaust then 
takes place, and a new quantity of steam is 
admitted to the opposite side of the piston for 
the next stroke. It will be seen that, for the 
proper performance of this cycle, tight 
valves and tight pistons are essential. This 
prime essential is, however, difficult to secure; 
in fact, it is impossible to secure this condition 
permanently where any form of valve is used 
sliding on metal surfaces. As soon as motion 
begins, wear begins also, and experience shows 
that this wear is very rapid at first, gradually 
decreasing to some minimum rate if reasonable 
lubrication is secured, Asa result, the steam 
consumption of single-cylinder engines in- 
creases rapidly from the time they are first 
put into operation; this increase varying from 
10 to 40°% in amount, depending on accidental 
conditions of lubrication, quality of metal, 
etc. Another cause of leakage often difficult 
to deal with is that occasioned by the 
warping of the valves and seats. This warp- 
ing is caused by the temperature and pressure 
of the steam, and naturally is a variable quan- 
tity, depending upon the character of the de- 
sign, and to some extent upon the foundry 
operations, 

The admission valves for the steam turbine. 
on the other hand, are simple poppet valves 
which do not require lubrication, and which 
wear very slightly, always remain tight, and 
are not affected by warping. Once past these 
valves, the steam acts on buckets which never 
touch any other part of the mechanism. It 
has been demonstrated, that the running clear- 
ance between the revolving buckets and the 
nozzles and intermediates, can be made so 
great, without loss of efficiency, that destruc- 
tive contact will never occur, and all these 
machines are now made in this manner. 

Some small loss might be anticipated from 
leakage past the diaphragm packing from the 
first to the second stage. On small turbines 
this packing is made of carbon rings which 
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wear for a long period without leakage, and 
which are easily renewed when necessary, 
The condition of this packing as regards tight- 
ness is always revealed by a simple inspection 
of the stage pressure corresponding to a given 
number of first stage valves open. 

The only remaining source of possible loss 
is that which would result from direct wear of 
the buckets themselves. A few cases of 
bucket wear have been noted in turbines 
equipped with steel buckets, due to excessive 
quantities of moisture in the steam. It has, 
however, been demonstrated that considerable 
wear of these edges may take place without a 
perceptible loss of efficiency. 

This wear is apparently due to the rusting 
of the steel forming a coating which is 
blown off by the moist steam, and as often 


renewed. Probably this rusting only takes 
place when the turbine is standing still, At 
any rate, the use of bronze buckets, now 
standard and universal on all Curtis turbines, 
entirely eliminates it. 

The condensing Curtis turbine, size for size, 
is more economical than the best reciprocating 
engine. Non-condensing, with steam pres- 
sure best suited for it, the Curtis turbine is 
equal to the average high-grade non-condens- 
ing engine when the latter is new, and is 
superior to the latter in economy after a com- 
paratively short period of service, even under 
conditions best suited to the reciprocating 
engine; while from the standpoints of dura- 
bility, simplicity, ease of operation, attend- 
ance, cost of supplies, good governing, and all- 
around availability, the turbine is the superior. 


THE MERCURY ARC RECTIFIER AND ITS USE WITH SMALL 
DIRECT CURRENT MOTORS 


By W. 


The mercury arc rectifier has been before 
the public now for about four vears, and dur- 


Fig. 1. Monotype Keyboard Operated by Motor Driven 
3 Air Compretsor 


ing that time it has been adapted to many 
cases where it was found necessary to rectify 


F. SNEED 


alternating current into direct current; in 
every case it has given satisfaction and has 
gained for itself quite a favorable reputation, 
and to-day 1s about as well known as any 
other piece of electrical apparatus. 

There are two distinct types of mercury arc 
rectifiers —the high potential or constant cur- 
rent type, and the constant potential variable 
current type. The former is used for rectify- 
ing constant alternating current into constant 
direct current for operating direct current 
series arc lamps, while the constant potential 
type is used for rectifving power from a con- 
stant potential alternating source into con- 
stant potential direct current. This latter 
type has been used for charging automobile 
storage batteries, telephone batteries, signal 
batteries, ignition batteries, and batteries used 
for many other purposes. It has also been 
used for operating direct current multiple are 
lamps, induction coils, small power motors, 
and dental motors. 

At the Norwood Press, Norwood, Mass., a 
mercury are rectifier was recently installed 
for operating a number of 230 volt direct cur- 
rent motors. These motors, nine in number, 
are of rather small capacity, the largest being 
a 4 h.p. GE motor used for driving a ven- 
tilating fan. The other eight are $ h.p. GE 
motors, and are used for driving casting 
machines of monotype composing sets. The 
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Fig. 2, Mercury Are Rectifier and Motor Driven Monotype Machine, 
Norwood Press, Norwood, Mass. 


Fig, 3. Group of Monotype Machines Operated By Motors Driven from 
Mercury Arc Rectifier 
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rectifier is operated from a 525 volt 60 evcle 
alternating current supply source, and de- 
livers direct current to the motors at 230 
volts. The motors were orginally supplied 
with direct current at the proper voltage from 
the Electric Power Company, but as the power 
svstem was recently changed from direct to 
alternating current, it became necessary to 
make some arrangement for driving the cast- 
ing machines, either by changing the motors 
or by furnishing some kind of rectifier, and 
as the latter was the cheaper, as well as the 
better arrangement, it was adopted. The 
rectifier installed at the Norwood Press is the 


Fig. 4. Diagram of Connections 


first appheation of this kind to small motors. 
and is a modification of one of the standard 
constant potential types. It is so arranged 
that any number of the motors can be thrown 
on or off as desired, without causing any in- 
terruption to the service whatever. 

The complete equipment, shown in Fig. 2, 
consists principally of the following parts: 
retiner tube; tube holder; compensating 
reactance and switch; regulating reactance 
and switch; starting load resistance; starting 
anede resistance; auxthary load resistance; 
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opening circuit relay; alternating current line 
switch; combined starting and load switch 
with auxiliary anode switch; panel and panel 
supports, etc. The connections for the outtit 
are given in Fig. 4, which shows clearly the 
function of cach part of the apparatus. 

The method of operation is simple, and fol- 
lows in veneral the method used for the stand- 
ard rectifier outfit; of ¢.. close the circuit 
breaker and the alternating current” line 
switch; hold the starting switch in the lower 
position and rock the tube gently until the 
mercury in the cathode makes and breaks 
contact with the starting anode, causing a 
flash which will start the tube on the starting 
load resistance. When the hand is removed 
from the starting load switch it will fly into 
the upper or load position, and thus transfer 
the rectified current to the auxghary load 
resistance, and at the same time energize the 
motor buses. The motors can then be started 
when desired. The relay is so adjusted that 
it will open the auxshary load cirreuit, as well 
as the shunt winding of the relay, when the 
current taken from the rectifier reaches the 
stable current of the latter, thus reducing the 
auxthary losses toa minimum. It was found 
that the load taken by the fan motor was 
suficrent in itself to maintain the are in the 
tube and to hold the relay open, and as it 1s 
necessary to always have the fan running 
while the casting machines are in operation, 
the attendant makes it a practice to start the 
fan motor first and the other motors as they 
are needed. If for anv reason the fan motor 
and a sufficient number of the other motors 
are shut down to reduce the current taken 
from the rectifier to a value near the stability 
eurrent of the tube, the relay will close the 
auxihary load circuit, and the latter will take 
enough current from the tube to maintain the 
are. All the motors may then be shut down 
for any length of time, and started up again 
without having to restart the rectifier, Of 
course, if the motors are to be off for any length 
of time. such as at noon hour, the rectifier 
should be shut down and restarted when 
nevded, as itis much cheaper to restart the 
rectifier than it as to let it run ona dead resis- 
tance load for any but short intervals of time. 

As the auxthary load is used only as stated 
above; ¢,¢., at starting, and in cases of emer- 
yweney, itas safe to state that the etherency of 
this outht as practically the same as the 
standard outfit when run at 230 volts chrect 
current. which tis about S2 per cent. 
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’ AN ELECTRICALLY-DRIVEN PORTABLE ELEVATOR 
By J. S. BakER 


In a large majority of the factories, ware- 
houses and shipping depots engaged directly 
or indirectly in handling and storing commod- 
ities, loading and unloading steamboats, 
barges, cars, drays, etc., the work of moving 
the wares and produce is done mostly by hand. 

In the Northwest, the speedy and econom- 
ical stacking and handling of vast quantities 
of wheat, the principal product of that 
section, often assumes a serious aspect; and 
in the South, owing to the steady increase of 
wages, the same problem exists with regard 
to rough rice. 

Recognizing the demand for a machine that 


of this machine induced owners of warehouses 
and others interested in handling products 
other than wheat, to make requests for 
elevators for handling various shapes and 
weights, with the result that to-day the 
Brown Portable Elevator is found stacking 
barrels filled with flour, sugar, feed, bran, 
etc., bales of hay and fodder, and boxes 
containing articles of almost every description. 
Only minor changes were necessary in the 
original design to render the elevator suitable 
for handling the different shapes and weights. 

In some of the larger grain handling firms 


on the Pacific Coast, as many as 25 of these 


Fig. 1. Brown Portable Elevator Stacking Rough Rice in Sacks 


would accomplish this sort of work at a 
reduced cost and at a more rapid rate than 
the existing method, with less work on the 
part of employees, the Brown Portable 
Elevator Co., of Portland, Oregon, invented 
and placed on the market a few vears ago a 
portable clevator that is well adapted for trans- 
ferring and clevating boxes, barrels, bales and 
sacks of a weight not exceeding 300 pounds. 
The original portable clevator was designed 
for piling wheat in sacks, to a depth of 25 
sacks, each sack containing from 100 to 150 
pounds of wheat. The successful performance 


elevators are to be found in use. 

Fig. | shows a Brown Portable Elevator, 
driven by a General Electric direct current 
motor, in the process of piling rough rice in 
sacks weighing 150 pounds. Fig. 2 shows 
a like machine designed for handling bales 
of hav, fodder, ete. The latter machine is 
shown driven by a General Electric alter- 
naling current motor. 

The machines are usually supplied with 2 
or 3 h.p. motors, and have a capacity for 
piling of about one ton per minute. Only 
two men are required to operate the elevator 
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—one to load, the other to pile—the man 
trucking ordinarily doing the loading. The 
same work if done by manual labor alone 
would require six men; it is therefore seen 
that the machine saves for its owner the 
wages of four men, which amount to from $6.00 
to $10.00 per day, depending upon the scale 
of wages in different sections of the country, 
As may be seen from the illustrations, a 
wooden platform or frame, on which are 
mounted the motor, starting apparatus, and 
driving axle, forms the base of the machine, 
This base is fitted with roller casters at or 
near each corner, by virtue of which the 
machine may be readily moved from place 
to place. To the front or receiving end of 
this frame is pivoted the lower end of the 
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winding these cables, which operation may 
be done by means of a ratchet device, the 
height of the delivery platform may be 
varied at will. Passing around the runway 
are two endless link belts, and attached to 
these at regular intervals are the carriers, which 
are supported on wheels running in steel guides. 

The Brown Portable Elevators, as origi- 
nally built, were fitted with gasoline engines, 
and even now, in certain sections of the ex- 
treme Northwest where electricity is not 
available, these engines arc employed for 
driving the machines. Where electric power 
is readily obtainable, however, the makers 
warmly recommend the electric motor, as 
much for its reliability of service as for the 
reduced fire risk ensured by its use. Owners 


Fig. 2. Portable Elevator for Elevating Bales of Hay, Fod Jer, etc. 


conveyor platform, or runway. This runway 
is supported at its upper end by two grooved 
wheels which bear on the under rails of the 
steel lattice work forming the sides of the 
runway. These wheels are mounted on an 
axle which is part of a steel rod brace, the 
lower end of this brace being pivoted to the 
rear of the base. To the ends of this axle are 
attached steel cables, which pass back parallel 
to and on each side of the conveyor platform, 
and are wound on small winch heads, located 
on the sides of the runway at a distance from 
its lower end equal to about one-third the 
length of the platform. By winding or un- 


of large warehouses are averse to the fire 
hazard occasioned by the use of gasoline 
engines in the vicinity of dry and dusty 
materials, where the liability of fire, due to 
the cigarettes and pipes of the workmen, is 
already great. 

The electric motor is the safest, most 
serviceable and satisfactory source of motive 
power available at the present day, and is espe- 
cially desirable for service such as the above. 

The leads are flexible and can be readily 
connected to the power circuits that are 
almost always to be found in or near large 
industrial centers. 
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TYPE DP PORTABLE INSTRUMENTS 
By D. P. Burieicu 


Type DP direct current portable imstru- 
ments have been designed by the General 
Electric Company for laboratory and general 
testing purposes. They are constructed on the 
D'Arsonval principle, in which a coil of wire 
carrving the current to be measured. ora shunt- 
ed portion of it, is wound on a rectangular 
aluminum frame which ts so mounted in jew- 
elled bearings that it is free to rotate in the 
annular space between the pole pieces of a pow- 
erful permanent magnet and a soft iron core, 

The entire mechanism ts enclosed in a soft 
iron case Which protects the instrument from 
the influence of magnetic fields, which are 
always present in the neighborhood of electric 
currents, The indications are rendered per- 


meters. milli-ammeters and milhi-voltmeters. 
The ammeters are made self-contained up to 
and including 30 amperes. For higher ranges 
au milli-voltineter with portable shunt will 
he furnished, the scales being marked directly 
In diMmperes. 

These shunts are designed to give a uniform 
drop of 200 milli-volts at full load current. 
They are made of a metal having practically 
au zero temperature coefficient, and are free 
from errors due to thermo-electric currents. 
Thus, the instruments used with these shunts 
are practically free from errors due to changes 
in temperature 

The portable shunts are mounted on a base 
made of an aluminum alloy combining light- 


Fig. 1. Type DP Milli-Voltmeter and Shunt 


fectly dead-beat by Foucault currents set up 
in the aluminum frame upon which the mov- 
ing coilis wound. Errors due to paralax are 
eliminated by the use of a mirror situcatedt 
under the scale 

The magnets are made from the best grade 
of magnet steel obtainable, and are subjected 
to various processes of ageiy and hardening 
Which insure their permanenc\ A liberal 
amount of iron is used in the magnets, pro 
viding’ a strony field ancl a lush torque with 
#t Pencrous air gap, the latter feature reducing 
to a2 minimum frictional errors win I rrierhit 


otherwise gssume lures proportions due ta 
dust orother foreign particles lodging hetweet 
the pole pieces and the cot) 

A complete line of DP instruments wall tn 
Manutactured, comsistimy ab smaieters colt 


ness with durability, and are protected by a 
perforated sheet metal casing. If desired. 
shunts can be furnished with two or more 
capacities combined in one case, thus adapt- 
ing’ the instruments for a wide range of cur- 
rent. For use with these shunts, the mill- 
volumeter is provided with a seale marked 
to auyree with one of the capacities, and when 
vonnectod to tups of different rating, the 
imdivations of the pointer are multiplied by 
the proper constant 

When instruments are desired for a class of 
work Which does not requireextremeaccuracy, 
the milli-voltmeters may be provided with 
an uxtru binding post, so that they can be 
used in comneclion with ordinary station 
slums, waving full scale deflection When sub- 
ete tow crop of 60 milli-volts. 
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ROTARY CONVERTERS 


Part V 
By Ernst J. Berc 


Effective Resistance and Reactance of the Armature 

In connection with the discussion of the 
heating of the armature conductors it was 
found that the effective resistance, depending 
upon the number of phases used, was different 
from the resistance for direct current. The 
true copper loss, with non-inductive load, is 
equal to the square of the direct current 
multiplied by the effective resistance. This 
gives the following values for the copper 
losses in the different rotaries: 


Single-phase rotary, 1.414 * ohmic resistance 


Three- “ ~ 0.55 . “ 
Four- ie O.377 & v7 ss 
Six- ale ay 0.266 x = he 


The armature self-induction can be cal- 
culated in the same manner as the self-induc- 
tion of an alternator. For a distributed wind- 
ing such as is used with rotary converters the 
self-induction is very small, usually in the 
neighborhood of 2 per cent., and can for most 
purposes be neglected. 


Control of Voltage of Rotary Converter 

Unlike the alternating or direct current 
generator, where the voltage changes al- 
most in proportion to the change of field 
excitation, the direct current voltage of the 
rotary converter is only very slightly affected 
by a change in field strength, assuming, of 
course, that the rotary is supplied with alter- 
nating current at constant voltage. 

The slight change in ratio between the alter- 
nating and direct current voltages is due to 
the internal drop in the armature, which 
depends upon the effective resistance and 
the armature self-induction. With a weak 
held, the rotary takes a lagging alternating 
current which causes a drop of voltage in the 
armature, whereby the direct current voltage 
is made less than it would be if the field 
excitation were such as to correspond to 
non-inductive or leading current. 

Thus, for a constant direct current voltage, 
a higher impressed alternating current voltage 
is required with weak field than with strong 
field excitation. 

A considerable change in the direct current 
voltage can, however, be obtained by placing 
a reactance, consisting usually of ordinary 
reactance coils, in series with the alternating 
current lines to the rotary, The amount of 


change in this case also depends upon the 
excitation, which controls the amount of 
wattless current. 


Voltage Characteristic 


The general equation showing the relation 
between currents and electromotive forces is 
given below: 

e, representing the generator voltage; 

e the alternating current voltage which 
corresponds in value to the direct 
current voltage; 

i the alternating energy current; 

i, the wattless lagging current; 

I =-VFP+ 42 

r the total resistance between the two 
electromotive forces, e, and e; 

x the total reactance between the two 
electromotive forces, e, and e; 

som Vr? + x? 

We have then: 

E, = e+(t+ji,)(r-jx) = e+ tr+t,x- j(ix-i,r) 
and eg = \ (e+ir+i,x)? + (ix—1t,r)? (9) 


This equation enables us to determine what 
the generator voltage should be for any value 
of e; that is, for any direct current voltage; 
or, solving the equation for e, we get: 

e = —(irtiyx) + V (irt+i,x)? + e,? — Fs? 
= —(irt+t.x) + Ve? + Qiiyrx — 2x? — 8,77? 
(Equation 10) 

To study the range in voltage that can be 
obtained on the direct current side at no load, 
without external reactance, we will consider 
the following practical case. 

Let the effective resistance of the armature 


be 2 per cent. and its reactance 2 per cent. 
We have then 


éo~ | 

ro = 0.02 

yxy = 0.02 

t=-0 (since no load is considered) 


Referring to equation 10 we have: 
e= -0.021, + V1 - .0004 1,7 
thus for 1, = 1 we gete = 0.98 


1, = 0.5 e= 0.99 
1, = () e= 1 
i, = -0.5 e= 1.01 


i= -1 e= 1.02 
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A range of 4 per cent. can, as a max- 
imum, be expected, and with a reasonable 
amount of wattless current—say 4 of the full 
load value—a range of only 2 per cent. 

As a second example, find the change in 
ratio with load; that is, with energy current 
only. 

We then have: ¢ = —.02i + V1—.0004 7? 
at no loade = 1 
and fort = 0.5= 4 load e = 0.99 

t#=1 = full load e = 0.98 


Thus the ratio changes 2 per cent. with 
load; or, in other words, for constant alter- 
nating current voltage the direct current 
voltage drops 2 per cent. between no load and 
full load. 

The change in voltage will be much greater 
if considerable reactance exists between the 
generator and rotary converter. To illus- 
trate this, assume that the rotary is supplied 
with power over a line of 8 per cent. resistance 
and 18 per cent. reactance, in which case, due 
to its own resistance and reactance, the 
total resistance is 10 per cent. and reactance 
20 per cent. Find the change in direct cur- 
rent voltage, with constant generator voltage, 
with a change of wattless current from the 
full load lagging to the full load leading 
value, for the following conditions: 

Ist. With no load on the direct current 
side. 

2d. With full load on the direct current 
side. 

In the first case the equation becomes: 
e= -ix+ Ve? — ifr? = -.25, + V1-.014,? 

In the second case: 

e = —(.1+.2%,) + V1 + .04i, — 04 -.017 

The results obtained are tabulated below: 


At No Load At Full Load 


Fori,;= 1 ,e=0.795 1, = 1 , e=0.695 
= 0.5, e=0.808 = 0.5, e=0.789 
= 0 , e=1,000 = 0 , e=0.879 
= —0.5, e= 1.098 = -0.5, e= 0.968 
=-—] , e= 1.195 =~] , e# 1.054 


It is thus seen that in this case the vol- 
tage can be varied 20 per cent. either way, 
and that in general (subject to small error 
only) the change in voltage is governed by the 
product of the reactance and the wattless 
current. 

Thus, if it is desired to raise the voltage 10 
per cent., it may be done with full load lead- 
ing current and 10 per cent. reactance, or 


with one-half of the full load leading current 
and 20 per cent. reactance. 

Too much wattless current is undesirable 
on account of the increase in armature heat- 
ing (especially near the taps to the collector 
rings), and too much reactance on account 
of the stability of the converter. 

As a reasonable reactance, 15 or 20 per cent. 
may be assumed, which can be made up of the 
line reactance proper, the reactance of trans- 
formers, choke coils, etc. 


Phase Characteristic 

One of the most interesting and important 
features of synchronous apparatus, such as 
synchronous motors and rotary converters, 
is its ability to take current of various power 
factors, depending upon the excitation. 

There is a certain excitation at which the 
alternating current is a minimum, and corre- 
sponds to the actual load. Increasing the 
excitation beyond this value causes a leading 
current to flow; decreasing it, a lagging cur- 
rent, 

The magnitude of the wattless current can 
be obtained directly from the synchronous 
motor equations by inserting the “effective” 
resistance and reactance previously discussed. 

Since, however, the effect of the resistance 
is slight, a very close approximation can be 
obtained by a relatively simple calculation. 


Armature Reaction 

If there were no magnetic leakage between 
the field poles, and if, therefore, the whole 
magnetomotive force of the field was available 
at the armature surface, the effectiveness of 
the armature reaction (which is to say the 
armature magnetomotive force), would be the 
same as that of the field poles for the same 
number of ampere turns. As it is, the effect- 
iveness of the field magnetomotive force is 
from 10 to 20 per cent. less than that of the 
armature magnetomotive force, and there- 
fore, with a field excitation of F ampere 
turns, the effective value can be assumed as 
only 0.85 F. 

Let /, denote the resultant magnetomotive 

force of field and armature. 

F the field excitation. 

KR the armature reaction, or armature 
excitation with full load current. 

We then have: F, = O85 F + R. 

To illustrate these characteristics, a 300 kw., 
600 volt, three-phase rotary converter will be 
used. This machine has an armature reaction 
of 3820 ampere turns and a no-load excitation 
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of 6300 ampere turns with 600 volts at the 
commutator. 

Fig. 18 gives not only the calculated, but 
the actual test results, the former being 
shown in dotted and the latter in full lines. 
Since in the test the direct current voltage 
was kept constant, the equation 

@ég= Ve + ir + t,x)? + (ix — tr)? 
has been used. 

The voltage characteristic is calculated on 
the basis of 2 per cent. resistance and 2 per 
cent. reactance; and the phase characteristic 
on the basis of the armature reaction and no- 
load excitation given above, with a magnetic 
leakage coefficient of 15 per cent.; in other 
words the effectiveness of the field magnetiza- 
tion is assumed as 85 per cent. of that of the 
armature. 


wane a 
ot inna: 


ae 


Fig. 18, Phase-Characteristic of 300 Kw. sae Converter 


Since in the test the phase characteristics 
are plotted with the actual field excitation as 
abscissas, and the armature current as ordi- 
nates, it is convenient to consider the arma- 
ture reaction as 15 per cent. more effective 
than the same number of ampere turns on the 
field, instead of the field excitation as 85 per 
cent. of its actual value. 

Therefore we may write: fF, = F + LIS RK. 

In this particular case F, = 6300, and the 
full load alternating line current is 

300,000 
V3 x .615 x 600 

The armature reaction can be expressed as 
the product of a constant & (which depends 
upon the winding), and the wattless alterna- 


=470 amp. at 100% eff. 


uo 


ting current. Thus at full load current: 
1.15 x 3820 = 470k, and k = 9.35. 
The general equation for any wattless cur- 
rent becomes: 6300 = F + 9.351, 


Thus for F = 2000 f,= 460 
= 4000 = 246 

» 6000 = 32 

6300 = 0 

= S000 = —182 

= LOOOO = —395 


The full load and fractional load phase 
characteristics are obtained by vectorially 
combining the wattless current with the 
energy current. 5o, for instance, at full load 


we get 
. 470 - 
energy current 1 “03 7 a00 amp. (assum- 
ing 94 per cent. efficiency). 
Thus for 

F = 2000 total cur. / = vr ty =~ 6SO amp. 
40000 ** * -~ 557 “* 
6000" oe st - 500 * 
O300  * - oe = 00 * 
so00  * i . = 532 
1OO00 * 7 " = (0 " 


Fig. 18 shows the close agreement between 
the calculated and observed value. 
(To be continued) 
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LAMP BRACKET 
By G. H. Stickney 

The accompanying illustration (Fig. 1) 
shows a convenient form of lamp bracket for 
suspending lamps from walls or poles. It is 
common practice to suspend are lamps on 
brackets so that they hang four or five feet 
from the bracket support, but with this 
arrangement it is often quite difficult to 
reach the lamps for trimming. The special 
feature of this bracket is that it permits the 
lamp to be swung up close to the support, 
where it can easily be reached from a lad- 
der leaning against the latter. When hung 
from a wall it is sometimes convenient to 
trim a lamp from a window; and it is like- 
wise often desirable to trim a lamp from a 
pole. The construction of the bracket and 
its Operation are so convenient that the 
device is sure to appeal to a practical man. 

The bracket consists merely of a piece of 
gas pipe bent and mounted as shown in the 
sketch. The lamp is suspended by means of 
a pulley arranged to run on the pipe. When 
the lamp is in its regular position, the pulley 


296 GENERAL ELECTRIC REVIEW 


rests in‘a shallow loop formed in the pipe, 
this being sufficient to keep the pulley firmly 
in place. A stop can be provided to prevent 
the lamp from striking the support. 


Fig.1. Arc Lamp Bracket in Regular Use by The Detroit 
Edison Illuminating Co. 


From the above, it will be seen that the 
device can readily be made in any pipe shop 
without special tools. 

It is in regular use by the Detroit Edison 
Nluminating Company, having been described 
to the writer by Mr. W. B. Thompson of that 
Company. 


NINTH MEETING PITTSFIELD 
SECTION A. I. E. E. 

On March 27, the Pittsfield Section of the 
A. 1. E. E. held its first annual banquet. 
One hundred and nine members of the local 
section were present and enjoyed a very 
pleasant evening. An excellent dinner was 
served, after which Mr. Joseph Insull called 
upon Mr. R. W. Pope, the speaker for the 
evening, who responded in his usual happy 
manner, mingling many laughable stories 
and anecdotes with his reminiscences of the 
growth of the Institute and his connection 
with the work. 

Mr. Pope began his electrical career in 
Berkshire County, and was quite at home in 
a Pittsfield audience. He described a number 
of the advantages to be gained by joining 
the Institute, and stated that no electrical 
engineer could afford not to join. 


Mr. C. C. Chesney told of pioneer local 
developments in alternating-current gener- 
ators and transformer design dating back to 
1883-——one of these generators having been 
in regular service ever since. 

Mr. W. S. Moody spoke of the electrical 
engineer as a business man, and told several 
stories illustrating his point that the success- 
ful engineer of the day is generally a shrewd 
man in business matters. 

Mr. W. S. Andrews of Schenectady de- 
scribed some of his varied experiences with 
Edison at Menlo Park in the early days of 
electric lighting. His witty remarks elicited 
much laughter and applause. 

Mr. H. W. Tobey made a few remarks 
urging the local members to join the National 
body, and to take active part in the meetings. 

In addition to the speeches, entertainment 
was furnished by Mr. A. V. Thompson of 
Schenectady, and Mr. Boland of Pittsfield, 
who gave several songs and responded will- 
ingly to vigorous encores. 


BOOK REVIEW 


STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS 

McGraw Publishing Co. 1300 Pages Price $4.00 

This is by far the best book of the kind that has 
vet appeared, the only one comparable to it being 

titte’s Ingeniers Taschenbuch. 

The subject matter is divided into twenty sections. 
each section being treated as a separate unit, and 
in many cases these have been specially written by 
recognized authorities. The sections are further 
subdivided into numbered articles. 

A casual examination of the ordinary handbook 
is apt to create the impression that it must contain 
all data that can ever be required; but when, sub- 
sequently, the engineer has occasion to consult it 
for some specific information, he finds, too often, 
that the particular item wanted has been omitted, 
or if not omitted, is next to impossible to locate. 

The new handbook, however, is particularly satis- 
factory in this respect.~ The information is very 
complete, and the division by sections and articles, 
together with the excellent typographical arrange- 
ment, makes it possible to locate quickly any desired 
fact. An exceptionally full index still further facili- 
tates rapid reference. The index references are 
given by section and article number instead of by 
page-—a system which is in a measure less convenient 
but which lends itself well to frequent revision, as 
doves the sectional arrangement of the book as a 
whole. 

The diagrams and curves seem to be the weakest 
feature of the book; the former are in many cases, 
unworkmanlike and crude, while the latter would 
have been greatly improved had they been shown 
on a larger seale. 

On the whole the book is one that is likely to 
become its owner's vade-mecum and to find a place 
on his desk rather than on his book shelves. It is 
certainly well worth the price that is asked for it. 
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LIGHTNING FLASHES 


‘See Page 299) 


Mill Motors 


For Direct or Alternating Current 


From 25 to 150 H.P., 110, 320 and s00 
Volts D. C., 220, 440, $50 Volts A.C 


Always ready to start 
Always ready for heavy overloads 
Always ready for duty —however severe 


Where absolute certainty of service is 
desired these motors are invaluable 


They drive from either end of Motors supplied either with 
the shaft and run in either or without axle bearings for 
direction, in any place, under back gearing. Gears and pin- 
any conditions, at any time ions furnished too if desired 


Simple in construction 


Four big rough bolts hold motor frame together 
Four big rough bolts hold motor to foundation 


Every part easily removed and all parts interchangeable 
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LIGHTNING PHENOMENA AND LIGHTNING ARRESTERS 
By E. E. F, Creicuton 


PowER AND MininG DerparTtTMENT, GENERAL Etectric CoMPANY 


It is the object of this paper to give a 
general review of the more important results 
of the study of lightning phenomena that 
have been obtained during the past year; to 
describe the usual lightning troubles that 
occur on most transmission systems, and to 
show briefly how lightning arrester design 
has been made to meet the requirements of 
protection. Ina paper written for the annual 
meeting of the A.I.E.E., June 1908 the forms 
of apparatus used for studying lightning in 
Colorado during last summer are described. 
It is not the object of this paper to show how 
these measurements were made, but simply 
to give a review of the results obtained and 
refer the engineer who is further interested 
to the more detailed description in the 
institute paper. 

Since the Colorado tests show many of the 
conditions which have to be met, they will 
be reviewed first. The five principal factors 
studied are: 

Ist. Duration of the surge of lightning, 

2d.‘ Potential values of the lightning. 

3d. Maximum current discharge rate, 

4th. Natural frequency of the lightning. 

Sth. Quantity of electricity in the light- 
ning stroke, 

The Duration of Lightning 

The duration of lightning on the trans- 
mission line was measured by means of a 
spark gap in front of a rapidly revolving 
photographic film. Out of three dozen dis- 
charges, the usual duration of a single stroke 
was in the neighborhood of one one-thou- 
sandth of a second. The longest single stroke 
of induced cloud lightning recorded was 0.04 
second, The principal factors which control 
the duration of discharge of induced cloud 
lightning are as follows: 


(a) The actual duration of the discharge of 
the cloud. 

(b) The nearness of the cloud to the line. 

(c) The initial induced potential on the 
line. 

(d) The earth resistance between the 
point of cloud discharge and the point of the 
discharge through the arrester. In other 
words, the value of resistance which controls 
the logarithmetic decrement of potential of 
the discharge. 

(e) The value of the gap setting of the 
arrester Or measuring apparatus, 

(a) The actual duration of the usual 
stroke of cloud lightning we know from many 
observations is comparatively short. <A 
fairly authentic record of one stroke of the 
order of a half second has been made. Such 
a length of duration, however, is rare, and 
careful measurements seem to indicate that 
such a duration is only the effect of multiple 
strokes, or successive discharges from the 
clouds, So long as the oscillations take place 
between the cloud and the earth, the poten- 
tial will be impressed upon the transmission 
line in the form of forced oscillations. If the 
stroke of lightning is between clouds in a 
horizontal direction parallel to the line, then 
the induced potential on the line must neces- 
sarily die away with the cloud lightning dis- 
charge. This is a case of electro-magnetic 
induction. If,on the other hand, there is a 
quantity of static electricity induced on the 
line by the cloud and freed when the cloud 
discharges, it is possible for this freed charge 
tooscillate after the surges from the cloud have 
entirely disappeared. The duration of the 
line discharge will then depend upon the 
initial voltage and the damping in the path 
of the surge of lightning current. 


300 GENERAL ELECTRIC REVIEW 


(6) and (c) Factor b may in reality be 
considered under factor c, in that the voltage 
of the oscillation will depend upon the near- 
ness and the intensity of the discharge. It is 
evident that a cloud of a given dimension 
will induce a higher voltage if it is near the 
line than if is it far away. With the same 
damping of the surge on the line the dis- 
charge at the higher potential will have a 
longer duration. Storm clouds differ enor- 
mously in size and in capacity. A single 
cloud was observed which was a small patch 
in a clear sky. This cloud discharged to 
earth with a stroke of small volume. Larger 
clouds were observed from which heavy 
strokes took place, which in turn caused other 
clouds to discharge to them, giving multiple 
strokes to earth. It is evident from this that 
the quantity of electricity induced on the 
line will vary greatly with the form of the 
cloud, as well as the distance from the line. 

(d) If the charge of lightning is freed at 
some distance from the station, this charge 
on the line has a complimentary charge on 
the surface of the earth which is held by static 
attraction. As this charge on the line moves 
along the line toward the station, it drags its 
complimentary charge along the ground 
through the comparatively high resistance of 
the surface of the carth. How much the 
charge on the earth will penetrate as it moves 
along under the line is an unknown factor, 
but it is evident that this resistance is far 
greater than the resistance usually found in 
the earth connection of the lightning arrester. 
The subject will be further treated under 
“Potential.” This surface resistance of the 
earth is the factor damping the discharge on 
its way to the arrester. On the other hand, 
if the cloud should happen to be directly over 
the station or lightning arrester, this damping 
factor will evidently be very much less, due 
to the fact that the resistance of the surface 
of the earth is reduced to a proportionally 
less value. 

(ec) In the measurements made on the 
line the gap setting was about 10,000 volts. 
It is evident that when the potential on the 
line reduces to 10.000 volts, the line will 
cease to discharge across the yap, whereas if 
the gap had been short circuited, the surge 
would continue until zero potential was 
reached, Assuming the damping factor con- 
stant, the duration of the discharge from the 
line is determined by the ratio of the tnitial 
to the final potential. 


So far, we have considered the duration of 
a single stroke. It is found, however, from 
measurement that the usual conditions in a 
large storm produce many multiple strokes. 
As many as eight successive strokes were 
recorded in an interval of less than a second. 
There were several cases where four strokes 
were distributed over one second. So far 
as the lightning arrester is concerned these 
multiple strokes give the effect of long dura- 
tion of discharge. In the discharge of the 
multigap arrester, a successive stroke which 
follows at any time later than half cycle and 
less than the time necessary to cool the 
evlinders, will have somewhat the same effect 
as a discharge which continues over the length 
of time between the successive strokes. This 
factor of multiple strokes must be considered 
in the design of arresters and a corresponding 
endurance obtained. There seems to be no 
doubt that an occasional failure of an arrester 
has been due to some severe condition of 
successive strokes, In certain classes of 
storms these successive strokes take place 
slowly enough to be observed visually. They 
seem to be due to the readjustment of poten- 
tial between clouds. For example, a cloud 
discharges and releases the potential strain 
in its neighborhood, The static electricity 
which, up to this time, had been distributed 
over the face of the adjacent cloud next to 
the earth or other oppositely charged clouds, 
now is drawn through the high internal resist- 
ance of the cloud toward the one which has 
just discharged and has been reduced to 
earth potential. It seems that this read- 
justment in the non-discharged clouds re- 
quires an appreciable time. Finally the 
static strains between this cloud and the one 
discharged is sufficient to cause a cloud to 
cloud discharge. which readjusts temporarily 
the potential in this locality but causes an- 
other stroke to earth. This process is re- 
peated indefinitely until all the clouds in the 
neighborhood have readjusted their potentials 
with the original discharging cloud. 

There is a third consideration of duration 
of lightning which comes under the head of 
continual lightning. Continual lightning usu- 
ally occurs from an internal source. The 
usual cause is a grounded phase through an 
arc. The duration of this kind of discharge 
depends entirely upon the circumstances. 
So long as the are to ground takes place there 
will be lightning more or less severe according 
to the local conditions, and this lightning 


LIGHTNING PHENOMENA AND LIGHTNING ARRESTERS 301 


will continue until the trouble is removed 
from the line. During the measurements last 
summer aluminum lightning arresters were 
in operation continuously for periods ranging 
from forty seconds to a half hour. 


Potential Values of the Lightning 


The maximum potential value that a 
lightning charge can have on the line will 
result from a direct stroke. The usual effects 
of a heavy direct stroke are well-known. 
The lightning jumps over the insulators and 
down the poles to the earth. If the stroke is 
not heavy enough to jump over the insulators 
to the earth, then it will spread over the line 
and the lightning arrester has an opportunity 
to carry the discharge to earth. These in- 
duced potentials may have all values ranging 
from the spark voltage from line to ground 
through the insulation and poles, down to 
insignificant values. The observations of last 
summer show conclusively that the potential 
on the line nearest to the clouds is the peak 
value, and when the charge is freed it spreads 
gradually over the line, giving at every other 
point a lower potential. If there were no 
resistance in the path of the complimentary 
charge on the surface of the earth, this high 
peak of potential would travel undiminished 
in a wave along the line to the end. If the 
storm occurs over the station the lightning 
arrester in the station must take care of this 
excessive peak potential. The difference in 
the requirements to discharge under these 
two conditions of nearness or distance of the 
hghtning storm really comes under the con- 
sideration of the maximum current discharge 
rate (the 3d heading). 

From the measurements of quantity of 
electricity, estimates were made of the max- 
imum potential which might occur for a 
given stroke. A value was estimated at 
600,000 volts. It occurred on a wooden pole 
line insulated for 50,000 volts, The question 
whether this high potential will jump over the 
insulators to ground is not solved by im- 
pressing a test voltage of 600,000 on the line, 
because the conditions would be entirely 
different. The potential from a lightning 
stroke is due to the quantity of freed elec- 
tricity, which initially may not cover over a 
mile or so of line. This quantity of electricity 
is connected directly with the total capacity 
of the line and its natural tendency is to 
spread out over the line. If the inductance 
of a straight line is sufficient to hold the 


potential at the insulators at this spark value, 
for a time equal to the dielectric-spark-lag, 
then the insulator will spark over, otherwise 
it will not. In other words the danger of 
sparking at the insulators is a matter of the 
relative time constant of the line to the dielec- 
tric-spark-lag of the insulator. 

In connection with this subject of the arc- 
ing at the insulators, a digression in this dis- 
cussion is made to picts some tests which 
gave concrete figures on the value of a wooden 
cross-arm relative to a metal cross-arm as an 
extra protection against lightning. A wooden 
cross-arm was arranged as shown in Fig. 
two porcelain tubes held wires 1.7 in. above 
the surface of the wood and ten inches apart. 
On the upper surface of the wood either tin- 
foil or a wet towel was placed in imitation of 
line conditions. The first test on this cross- 
arm was made on a 60 cycle circuit with a 
needle gap in parallel with the cross-arm. 


Statre 57a 


Pig.1. Connections for Disruptive Tests of Insulators on 
Wooden or Metal Cross-Arm 


The spark voltage was the same whether the 
wet cloth or the metal was used. By trans- 
formation the voltage was 46,900, and by 
necdle gap it was 3.5 ins., (52,000 volts by 
interpolation from the curve). This high 
indicated potential by the needle gap is due 
to local oscillations set up by corona dis- 
charges over the porcelain tube. The dis- 
ruptive discharge circuit was then made up as 
shown in Fig. 1. The natural frequency of 
discharge was 2.25 million evcles per second. 
The applied potential was a 4.5 in. gap be- 
tween spheres 1.25 in. in diameter. When the 
cloth was used very wet the equivalent- 
needle-gap was 5.6 in. (68,000 volts). When 
the metal plate was used between the porce- 
lains, the equivalent-needle-gap was only 
2.5 in, (45.000 volts). Summarizing this we 
have the following: 
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VOLTAGE 
a 6U Cy. E\N.G.2.25 Mil- E.N.G, 
lion Cy. 
Metal cross-arm 46,900 3.5" 42,000 2.5" 
52,000 
Wet wood arm 46,900 3.5” 68,000 5.6” 
52.000 


It will be noticed that the spark potential 
of the metal cross-arm is actually less at high 
frequency than it is at normal line frequency. 
This phenomenon is due to the double gap 
between line and line and no connection of 
the metal plate to earth. The metal cross- 


frequency lightning, and the metal cross-arm 
was only 80 to 90 per cent. as good for light- 
ning as it was for dynamic potential. If the 
wooden cross-arm were not saturated with 
water, there would be of course greater pro- 
tection than shown by these experiments. 
Although these figures will no doubt be 
somewhat modified by changing the relative 
conditions of the test, it is safe to conclude 
that the wooden cross-arm is always to be 
recommended, and would be a most desirable 
and economical feature even on iron towers. 
It is usually cheaper to add insulation with 
wooden cross-arms, than it is to obtain it with 


Fig. 2. Record Taken from a Revolving Film Duration Apparatus 


Impressions having the same radius are due to multiple strokes occuring ina fraction of a sevond, The duration of 
F x Hy : 
each stroke can be calculated from the velocity of rotation 


arm has a static capacity which takes an 
appreciable charging current across the gaps. 
The action is similar to the action in the 
multigap arrester. In regard to the inter- 
pretation of the test it is well to note that 
5.6 in, was the limiting potential at which 
the needles would spark over, the actual 
conditions would have been even more favor: 
able to the wet wood if the applied potential 
had been greater. Taking it as it was. the 
wet wood cross-arm was 160 per cent. better 
than the metal as a protection against hiyh 


added porcelain in the insulator. These tests 
have a bearing on the use of insulator horn- 
gap protectors that will be apparent to the 
engineer. 


Maximum Current Discharge Rate 

In this discussion the subject of direct 
strokes from a cloud will not be considered. 
The rate of discharge of an induced current 
on the line is nearly always definitely fixed. 
Since it is the maximum value of the current 
passing through the resistance of the lightning 
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arrester causing the menace, the following 
equation is given for the maximum rate, on 
the assumption that the resistance is negli- 
gible. 

Imax.= vyf. where C is either the capac- 
itv per unit length of the line, or the total 
capacity of a condenser; and JL is corres- 
pondingly the inductance of a unit length of 
line, or the concentrated inductance in a coil. 
In the high frequency circuit in the laboratory 
the maximum current is 0.03 ampere per volt 
impressed; consequently, at the value of 
100,000 volts impressed, the maximum pos- 
sible rate of discharge is 3000 amperes, The 
value of current is actually somewhat less 
than this on account of the resistance of the 
circuit and the spark. On transmission lines 
the maximum possible current of a discharge 
coming from a distance out on the line is of 


the rate of discharge of the arrester must be 
greater on account of the higher induced 
potential, 

The Natural Frequency of Lightning 

The frequency of lightning may be consid- 
ered under four heads. 

Ist. The frequency of recurrence of the 
lightning stroke. For example, lightning 
strokes often come into a station during a 
storm at an average rate ranging from two 
per minute to one in five minutes. Since 
lightning arresters are, without question, 
designed to take lightning discharges as 
frequently as given, this condition will not 
receive further attention here. 

2d. Each of the flashes that appear to the 
eve as a single flash is often several distinct 
strokes distributed over a fraction of a 
second (Fig. 2). The bearing that these 


Fig. 3. Enlarged View of One Discharge Taken from the Record Shown in Fig. 2 


Since the spark is extinguished every half cycle. no impression is ma:ie on the filin at this time: this makes the recor] 
of discharge a broken line 


the order of 0.002 ampere per volt impressed, 
Therefore, in order to produce a current of 
ten amperes the impressed potential would 
have to be 5000 volts, Ten amperes is the 
current limitation at double normal voltage 
of some of the old types of arresters. In 
order to get a current discharge of 1000 am- 
peres, the applied potential must be at least 
500,000 volts. This is the value of current 
discharge of the aluminum arrester at double 
normal voltage, 

If, however, the lightning cloud is over the 
station or arrester, then the maximum 
possible rate of discharge may be somewhat 
greater than the value given above, on account 
of the fact that the average inductance of the 
line wire in the path of the discharge is less 
than in the previous case considered. Fur- 
thermore, it has already been noted in the 
paragraph on potentials that the maximum 
potential of the hghtning is invariably greatest 
under the discharging cloud; consequently 


multiple strokes have on lightning arrester 
design has already been discussed under the 
heading of duration. 

3d. Each individual stroke may be ana- 
lyzed into frequencies of the order of the 
natural frequency of the line. This was done 
in the Colorado tests by means of a rapidly 
revolving film in front of a spark gap, as de- 
scribed under the heading of duration. Fig. 3 
shows a record from one of these machines. 
The impression on the photographic film is 
in the form of a broken line. The parts of 
this broken line represent the half cycles of 
discharge of lightning over the line through a 
single gap to vround. This line was not 
connected to generators, The accuracy of 
measurement is not high, so the frequencies 
recorded are divided into seven groups. One 
stroke at S40 cycles per second, eight strokes 
at about 1400, six strokes at about 2000, two 
strokes at about 2500, twenty strokes at 
about 3000, and one stroke at about 4000 
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cycles per second. The natural frequency of 
the line was in the neighborhood of 1800 
cycles. <All of these records were taken from 
discharges that were generated by clouds 
located five miles or more from the station. 

4th. At the point underneath the cloud, 
it is very probable that a frequency as high as 
one million cycles per second was impressed 
on the line, due to the induction from the 
cloud. The potential of such a high frequency 
would be greatly diminished as it travels 
along the line. However, it has been mathe- 
matically demonstrated in the study of tele- 
phonic transmissions, that high frequencies 
travel along the line faster than low fre- 
quencies. Therefore, such a high frequency 
would reach the lightning arrester before the 
main body of the charge and would conse- 
quently be effective in starting the discharge 
over the multigap arrester. 

In order to prove out that this high fre- 
quency exists on the line, a special form of 
high frequency meter was designed, working 
on the principle of interference of traveling 
waves, or in other words, stationary waves. 
This instrument had a number of coils re- 
sembling the pipes of a church organ, each 
one responding to its individual frequency 
and over tones. Due to the initial experi- 
mental difficulties with this apparatus and 
the natural condition of discharge on a long 
line, only two of the many records taken were 
of value. Both of these records show fre- 
quencies of the order of a million cycles per 
second. 


Quantity of Electricity in the Lightning Stroke 
By means of fuses and the duration meter 
the quantity of electricity to blow a fuse can 


be found, Its value On-Ne, Jt , Where ] i 


equal to the energy in Pad necessary to 
raise one centimeter length of fuse metal to 
its melting point, ¢ is the duration of dis- 
charge, and K is the resistance in ohms per 
centimeter length of fuse metal. The joules 
of energy necessary to melt the fuse can be 
found by calculation of the metal used, or by 
actual calibration by the use of an oscillo- 
graph. The average effective quantity of 
lightning (q) passing through a fuse is equal 
to Q divided by the number of oscillations 
shown by the revolving film, If the number 
of oscillations are few, this calculated value 
is approximately equal to the original quan- 
tity on the line freed by the cloud discharge. 


Using the data taken from a number of 
tests, and making approximate calculations, 
it is found that the ordinary induced charge 
of lightning may initially have surprisingly 
high voltage. In one calculation of a fairly 
heavy discharge, the estimated initial voltage 
was of the order of a half-million volts. 

Summarizing some of the essential parts 
of the foregoing discussion we have: that the 
strain on the lightning arrester will depend 
on the size of the storm cloud, the nearness 
of the cloud to the line, the distance of the 
storm away from the arrester, the resistance 
of the surface of the earth, the condition of 
the multiple stroke and the time eclapsing 
between them, and the condition of continual 
lightning. The effects of these factors may 
all be grouped under three heads: 

Ist. The spark potential of the arrester. 

2d. The factors which relate to the rate 
of discharge of the arrester. 

3d. The factors which relate to the dura- 
tion of the discharge of the arrester. 

Ist. The arrester must be capable of 
sparking over at a voltage which is within the 
safe value of the insulation. 

2d. It must have a resistance low enough 
to discharge the maximum rate of current 
that could flow to that point. 

3d. It should have a duration sufficient 
to discharge so long as the potential is dan- 
gerously high. 

For many vears the presence of continual 
lightning on a transmission line was not fully 
understood. Lightning arresters were de- 
signed par force for transitory lightning. The 
multigap arrester is distinctly a transitory 
lightning arrester. It can not be expected to 
carry the discharges which occur on a system 
from continual lightning. With the graded 
shunt resistance on the multigap arrester, 
light discharges may be taken through the 
high resistance for an appreciable time 
reckoned in seconds, but through the low 
resistance the amount of energy dissipated is 
large, and consequently the duration of the 
discharge must be correspondingly small. 
The question may pertinently be asked, 
“Why not design the multigap arrester to 
carry continual lightning?’’ The multigap 
arrester is intrinsically not suited for such a 
condition. While it might be possible to 
design the arrester with sufficient metal in 
the cylinders which form the gaps, and 
suthicient radiating surface of the resistance 
to carry the current for a considerable time, 
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it would make the cost of the arrester pro- 
hibitively high. The are extinguishing qual- 
ity of the multigap arrester depends, to a 
considerable extent, on keeping the cylinders 
cool and limiting the amount of molten metal 
in the gaps where the arcs take place. It is 
evident that no arc can play across the gap 
for any considerable time without producing 
a disadvantageous amount of molten zinc. 
Furthermore, the cost of the resistance alone 
designed to radiate the necesssarily large 
amount of dynamic energy would make the 
arrester too expensive. Attention was turned 
to the type of arrester which was intrinsically 
suited to discharge continual lightning, and 
has resulted in the development of the alu- 
minum arrester, 


Before describing the aluminum arrester, 
a partial review will be made of the usual 
demand of protection on a system in a terri- 
tory where lightning is fairly frequent. Since 
by the law of chance only a small percentage 
of the lightning storms will pass directly over 
the station, it is safe to assume that the 
lightning arrester will usually be called on to 
discharge only about 0.002 ampere per volt 
of lightning potential. Incidentally, this may 
explain why the resistance tvpe of arresters 
have given such good results. Since the 
peak of lightning potential occurs imme- 
diately under the cloud, the arrester at one 
station cannot be expected to give protection 
to anv other station at some distance away. 
It is necessary to install an arrester at every 
point where apparatus is to be protected. 


Occasionally, through a broken insulator, 
a transformer bushing, or a switch bushing, 
one phase of a non-grounded neutral system 
will become grounded through an arc. This 
arcing ground will send a series of surges 
throughout the entire system. It is necessary 
to have a lightning arrester on the circuit 
which will discharge the abnormal voltage 
for a long enough time to permit the operator 
to locate and isolate the trouble. It is esti- 
mated that, in general, a half hour should be 
sufficient to do this. If the trouble occurs at 
some sub-station the information can usually 
be received immediately. If there should 
be an auxiliary transmission line, the damaged 
line can be switched out within a half hour. 
If, however, the trouble should occur on a 
single transmission line, a half hour will 
usually allow a patrolman to travel out to- 
ward the trouble. In such a case it is de- 
sirable to have the duration of the arrester 


longer than a half hour to give the patrolman 
more time. These factors have been kept 
steadily in view in the design of the aluminum 
arrester. Since the conditions to be met are 
so variable, this fact has resulted in the de- 
sign of several types of aluminum arresters. 
In all of these arresters, the aluminum cell 
is the basis of design, and consequently they 
have certain common characteristics. The 
characteristics of the aluminum cell will be 
described, and subsequently some of the 
variations in the design of the arrester to 
meet the demand of practice. 


The useful characteristic of the aluminum 
cell is its critical voltage. This critical volt- 
age depends upon the formation of a hydrox- 
ide film of aluminum on the surface of the 
aluminum plates, The plates are put through 
chemical and electro-chemical treatments 
until this film is formed. After this, the plate, 
dipped in a suitable electrolyte, has a char- 
acteristic of taking exceedingly low currents 
up to its critical voltage, but above this 
critical voltage the current is limited only by 
the internal resistance of the elctrolyte. The 
closest analogy to this action is found in the 
well-known safety valve of the steam boiler, 
in which the steam is held back until the 
pressure rises to a given value, and is then 
released for all pressures above. On the alu- 
minum plate there are myriads of these safety 
valves, so that if the electric pressure rises 


_ above the critical voltage, the discharge takes 


place equally over the entire surface. This 
phenomenon is visible to the naked eve. 
It is important to distinguish between the 
valve action of this hydroxide film and the 
failure of any dielectric substance like mica 
for example, which resembles somewhat the 
hydroxide film in chemical composition. If 
a thin sheet of mica has impressed upon it a 
voltage just sufficient to puncture it, say 
20,000 volts, the failure will take place at a 
single point and the pressure will suddenly 
drop from 20,000 volts down to 20 or 30, 
which is the voltage necessary to maintain 
the arc between electrodes. On the other 
hand, if the pressure is gradually raised on the 
film of the aluminum cell, there is no single 
puncture point, and no decrease in potential 
when the film allows a heavy dynamic current 
to flow through. 


The volt-ampere-characteristic curve of the 
aluminum cell will vary somewhat according 
to whether direct currents or alternating 
currents are used. If direct current is used 
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there will be no current passing through the 
circuit except the tiny leakage current through 
the film; whereas, if alternating current is 
used the aluminum cell acts as a fairly good 
condenser, and there is not only the leakage 
through the film, but also a heavy capacity 
current flowing into the cell. The phase of 
this current, then, is nearly 90° ahead of the 
potential and represents a very low energy 
factor. A volt-ampere- -characteristic-curve 
of the aluminum cell on direct current is 
shown in Fig. 4. The permanent critical 
voltage is shown as 420. This voltage will 
vary considerably with the nature of the 
electrolyte. A curve is shown of the current 
discharging above the critical voltage in 
Fig. 5. The data for this curve were taken 
with an oscillograph. Since the arrester will 
discharge high dynamic current for a brief 


a momentary rush of current which replaces 
the part of the film which is dissolved. In 
suitable electrolytes the duration of this 
current rush will be less than .01 of a second, 
even after the cell has stood over a week. 
This current rush will have increasing values 
as the interval of rest of the cell is made 
greater. Dozens of electrolytes have been 
studied, and there has been no electrolyte 
found which does not show this dissolution 
effect to a greater or less extent. The dis- 
advantageous conditions produced by these 
current rushes are usually negligible. If the 
cell has stood disconnected from the circuit 
for several weeks, there is a possibility that 
the initial current rush will trip an instan- 
taneous relay of a circuit breaker. This 
current rush also raises the temperature of the 
cell. 
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Fig. 4. Volt-Ampere Characteristic Curve of a 600 Volt D.C. Aluminum Arrester Drawn to a Large Scale 


interval, there is no doubt that it will When a cell is connected permanently to 


take lightning discharges which are of less the circuit, there are two conditions, which 
may be distinguished as temporary critical 
voltage, and permanent critical voltage. For 
example, if the cell has 300 volts, applied to 
it constantly, and the voltage is suddenly 
increased to, say 325 volts, there will be 
momentarily a considerable current rush, un- 
til the film thickness has been increased to 
withstand the extra 25 volts, This will take 
place at all voltages up to the permanent 
critical voltage which is about 420 volts. 
Above 420 volts the film cannot thicken 
appreciably. If the voltage is again reduced 
to 300, this excess thickness of film will be 
gradually re-dissolved, If the voltage is 
varving periodically between two values, 
each of which is less than the permanent 
critical value, the temporary critical voltage 
will be the upper value. This is a valuable 
characteristic of the cell. It provides a 


duration. In all of the designs, the number 
of cells for the circuit are chosen so that the 
average dynamic voltage per cell is always 
less than 420 volts, the permanent critical 
voltage. 

Another characteristic of the aluminum 
cell is the dissolution of a part of this film 
when the plates stand in the electrolyte and 
the cell is disconnected from the circuit. The 
film is composed of two parts; one part ts 
hard and insoluble and apparently acts as a 
skeleton to hold the more soluble part. The 
facts connected with the action of the cell 
seems to indicate that the soluble part of 
the film is composed of gases in the liquid form. 
The dissolution of the film varies greatly 
with the nature of the electrolyte. When a 
cell, which has stood for some time discon- 
nected, is reconnected to the circuit, there ts 
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means of discharging abnormal surges the 
instant that the pressure rises above the 
normal impressed value. In comparison, 
other arresters usually require 100 per cent. 
or more rise in potential before the current 
begins to discharge. 


Life of the Arrester 

If the arrester is connected to the circuit 
continually there is a constant wear on the 
surface of the aluminum, and it is necessary 
to replace the aluminum plates from time to 
time. If, however, a gap is used in series, and 
the arrester brought into operation only at 
times of high abnormal voltages, there is no 
appreciable wear on the plates. 
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To meet the usual conditions of trans- 
mission circuits, three main types of alum- 
inum arresters have been designed. Each 
type will give different results by slight 
mechanical changes in its installation. The 
variations will be pointed out in the con- 
sideration of each. For the protection of 
over-head constant potential alternating 
current systems of all voltages from 2300 
to 110,000 volts, the gap aluminum arresters 
have been designed. This arrester consists 
of inverted concentric cones slightly sepa- 
rated and partially filled with a suitable 
electrolyte. This stack of cones is then 
immersed in oil contained in an iron tank; 
the lowest cone is connected to the iron tank, 
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Fig. 5. Volt-Ampere Characteristic Curve of a 600 Volt D.C. Aluminum Arrester Drawn to a Small Scale, 
Showing the Rate of Discharge above the Critical Film Voltage 


Choice of Design 

The aluminum arrester, according to the 
design, will carry the current continuously 
for either a half hour or more, or six months 
or more. The financial investment here 
enters to determine which design shall be 
used. An aluminum arrester which is de- 
signed to carry the current continuously must 
be large to radiate the internal heat, and con- 
sequently relatively expensive. In certain 
locations it is of questionable value to install 
a costly arrester requiring some expense for 
the up-keep, in order to take care of dis- 
charges that probably occur not more fre- 
quently than once or twice during a vear. It 
is better economy in this case to design an 
arrester which is connected to the line through 
a single series gap and comes into operation 
only at the time it is needed. In this case 
it need have only sufficient heat storage 
capacity to carry the discharge until the 
trouble can be removed. 


and the upper cone is connected through a 
horn gap to one phase of the transmission 
line (Fig. 6). The connections of this light- 
ning arrester for a delta circuit are shown in 
Fig. 7. 

The two variable factors which can be 
adjusted by an operator to meet the local 
conditions are first, the gap setting, and 
second, the nature and quantity of the elec- 
trolyte. This arrester is designed primarily 
to discharge continual lightning for one-half 
hour or more. The total duration of dis- 
charge will depend on the initial temperature 
of the arrester, since the limitation is set by 
the final temperature. To obtain these con- 
ditions, it happens that the electrolyte chosen 
has an appreciable dissolving effect on the 
film, and therefore it is recommended that 
the arrester be connected to the circuit for a 
moment from time to time. Since, when 
continual lightning comes on to the circuit, 
it is advisable to start the arrester at a low 
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temperature, it is well to keep the film in 
perfect condition so as to avoid the unneces- 
sary heating of it due to a large initial current 
rush; therefore it seems advisable in most 
cases to make the test once each day, In- 
cidentally, this has the advantage of forming a 
fixed habit, and of making the operator 
accustomed to the discharge condition of the 
arrester. Since the aluminum arrester is the 
only one designed for continual lightning, 
its series horn gaps should be set at values 
less then the spark value of the other arrester 
on the circuit designed for transitory light- 
ning, so that it will protect the transitory 
arresters from destruction, For this kind of a 
disturbance, then, 
the aluminum ar- 
rester becomes a 
protector for the 
other arresters, and 
completes the pro- 
tection of the sys- 
tem. How many 
aluminum arres- 
ters are necessary 
to do this depends 
on the size of the 
system, the volt- 
age, the tendency 
to resonance on the 
circuit, and the 
severity of the arc- 
ing ground. The 
minimum number 
may be one. 


As a further 
consideration, 
since the time of 
discharge of the 
arrester is limited, 
it is necessary that 
an attendant shall 

be advised as soon 
vNiumiaum Actes Beweging 25 the afrester 
Form of the Cones, Method of commences to dis- 


Holding them Apart, and the 
Position of the Electrolyte, charge, so that he 
can take precau- 


Oil, and Tank 
tion toremove the trouble. Where the arres- 
ter isinstalled in plain view andin hearing of 
the attendant, its operation will make itself 
known to him immediately; if, however, the 
arrester is installed out doors or in an adjacent 
room, it is essential to use a lightning alarm 
in connection with the arrester. This light- 
ning alarm consists essentially of two parts; 
an extra aluminum cell installed in the 


arrester circuit next to the earth, from which 
leads are run to an alarm bell, placed at anv 
convenient place in the office or station. 


The endurance of arresters to continuous 
discharge is somewhat indefinite since, as 
already stated, it depends on the initial 
condition of the arrester and the initial room 
temperature. Some idea of this endurance 
may be formed from life tests that were made 
on a 13,000 volt cone type arrester. The gap 
on this arrester was set below the spark 
potential of the circuit, and the arrester 
allowed to discharge in relays of two and three 
hours twice a day until the total length of 
discharge was SO hours. At the end of that 
time the arrester was still operating normally. 
The cones were disassembled, and were all 
found to be somewhat worn by the passage 
of the current, but still in useable condition. 
It is estimated, however, that it would re- 
quire many years to sum up a total of SO 
hours of continual lightning on any circuit 
under normal operating condition. There is 
one feature of these tests that the operators 
should be acquainted with, namely : that after 
the cell has operated for a long time and 
heated up, the dissolution effect of the elec- 
trolyte on the film is abnormally great; so 
that subsequently, when the arrester has 
cooled down and is reconnected to the circuit 
for its diurnal test, there will be an abnormal 
current rush similar to that which would take 
place if the arrester had been left off the 
circuit for many days, This abnormal current 
rush can be entirely avoided, if the operator 
should feel it necessary, by taking the pre- 
caution of placing a resistance in series with 
the cells during the few moments of the first 
subsequent test. This brings up the question 
of what will take place if the arrester is left 
continuously on the circuit, It is recommend- 
ed that the arrester may be allowed to discharge 
for half an hour without causing any serious 
trouble, If the operator should care to run 
the risk of allowing his arrester to discharge 
for a longer time, he may do so under certain 
circumstances; the action of the arrester will 
then be as follows: 

The continuous passage of the current will 
continue to heat the electrolyte and oil, but 
the current will increase only slightly until a 
certain critical temperature is reached; then 
the current will increase quickly from about 
l ampere. normal discharge rate tothe destruc- 
tive value. If a fuse is placed in series, of a 
size large enough to take all known forms of 
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induced lightning and recurrent surges, but 
small enough to disconnect the lightning 
arrester from the circuit in time to prevent 
permanent damage to the arrester, an inter- 
ruption of service from a failure will be 
avoided, and the arrester may be put into 
serviceable condition again after it cools off. 
In order to overcome the natural prejudice 
against a fuse, it should be noted that the 
use of the fuse with this lightning arrester is 
under different conditions from its use with 
any type of resistance arrester. 

In a resistance type of arrester of any value, 
there must be possible a large discharge rate 
of dynamic current, whereas in the aluminum 
arrester the dynamic current is limited to a 
very small value by the film, and it is only 
the lightning current of brief duration which 
assumes large values. <A fuse will take high 
current for a brief interval without melting. 
It is then possible, at a slight risk, to operate 
the gap aluminum lightning arrester up to 
its limit of endurance without destruction of 
the arrester. While this recommendation 
cannot go out to operators in general, it may 
be used if necessary under conditions of peak 
load, where continuity of service is of great 
value. 

The discharge rate of this arrester at 
double normal voltage is of the order of 1000 
ampere, and the leakage current at normal 
voltage is less than one ampere. 


Line or Unattended Arresters 


When an aluminum arrester is located 
either on the line, or in the station where there 
are no attendants, it is evidently undesirable 
to have the arresters discharge continual 
lightning unbeknown to any one. If the 
arrester does this it will discharge until it is 
disconnected from the circuit by its series 
fuse. The first condition, then, in the in- 
stallation of the arresters in this location is to 
increase the length of the horn gap to such a 
value that if continual surges occur on the 
line it will not discharge except for very 
abnormal peak values, and the lesser surges 
will be carried to the station arresters, where 
the discharge will be observed and precau- 
tions taken to remove the trouble. Since the 
arrester is to be used more or less in an inter- 
mittent capacity, and may not be inspected 
conveniently every day, the electrolyte is 
changed. An electrolyte is chosen which 
gives less dissolution of the film, so that it 
may be allowed to stand for a long interval 


without connection to the circuit and still not 
cause an inconveniently large initial current 
tush. In making this change, the discharge 
rate of the arrester is not diminished, in fact, 
it may even be increased if desired; the en- 
durance to long discharge, however, is lessened, 
In all situations inspection is normally made 
at least once a week; consequently it is recom- 
mended that this line arrester be connected 
to the circuit once every week. 

The value of oil in the arrester as an ab- 
sorber of heat may be judged by the following 
test. 

Two 2300 volt arresters, having equal 
internal resistance, were set up. One was 
filled by allowing the electrolyte to over-flow 
from the upper cone to the lower one, and a 
small amount of oil was then placed on top; 
the other was partially filled and immersed 
in a tank of oil. The arrester that was not 
immersed in oil operated fifteen minutes and 
then blew its fuse. The other arrester im- 
mersed in oil operated two days continuously, 
and did not blow its fuse at the end of that 
time. In other words, for this low voltage the 
surface of radiation was sufficient to keep the 
arrester within reasonable temperature limits. 
Since for higher voltages it is impossible to 
proportionally increase the radiating surface 
with the potential, this condition of radiation 
will not hold, and it is necessary to depend 
more and more on the heat capacity of the 
oil. While an aluminum arrester not im- 
mersed in oil answers very well for transitory 
lightning, it is not at all suited to taking care 
of continual lightning. 


Horn Gap Switches 


On account of the desirability of connecting 
arresters to the line from time to time, the 
horn gaps take new forms. The horn gap is 
arranged to fulfill three functions: 

Ist. Asa horn gap, to prevent line voltage 
from reaching the arrester. 

2d. A short circuiting switch, so that the 
operator may safely and easily connect the 
arrester to the line when desired. 

3d. A disconnecting switch to isolate the 
arrester from the line when desired. 

Two types of combination horn gap switches 
are shown in Figs. 7 and 8. For high voltages 
the revolving horn is used as shown in Fig. 8. 
For voltages up to 25,000, a tilting insulator 
is used to short circuit the gap, and the horn 
is arranged to act as a switch blade and to 
open in the vertical plane (Fig. 9). 
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On delta connected systems, or on systems 
with a neutral grounded through a high 
resistance, it 1S necessary to use an arrester 
leg connected between the multiplex and 
ground, in order to give the proper distribu- 
tion of voltage in the cells during the con- 
dition of an accidental grounded phase. In 
the first arresters installed this grounded leg 
on the arrester was kept in condition by 


Fig.7. A Skew Sketch Showing the Relative Connection of 
the Aluminum Arrester for a Non-Grounded Neutral Cir- 
cuit, or a Circuit with the Neutral Grounded 
Through a Resistance 


short circuiting each one of the phase gaps 
separately. In the later types auxiliary 
switches are inserted which exchange the 
ground leg with one of the phase legs during 
the interval of the test. One of these devices, 
the tilting insulator switch which accom- 
plished this exchange, is shown in Fig. 9. 


Aluminum Arresters for D.C. (the Second General Type) 

The arresters for direct current have to 
meet more favorable conditions of internal 
loss, but more difficult conditions of delicate 
insulation to be protected. 

The usual direct current circuit has a 
potential of 600 volts, and the insulation is 
usually double cotton covered wire; yet the 
motors carrying this delicate insulation are 
run out in the suburban districts where the 
induction from thunder clouds is as severe as 
found on a high tension circuit. To meet this 
condition the series gap of the arrester is 
abandoned, and the aluminum cells are con- 
nected directly between line and ground. <A 
value of plate area is chosen which will dis- 


charge over 1000 amperes of current at double 
voltage (1200 volts). This effect is shown in 
the curve of Fig. 4. Some idea of the com- 
parative value of this arrester is obtained 
from the current discharge rate relative to the 
arresters in present use. One of these 
arresters discharges 17 amperes and the other 
about 0.3 ampere of dynamic current, at 
double normal voltage. The leakage current 
through the aluminum arrester is never over 
a few milli-amperes, and is usually only one 
milli-ampere. Thus the increase of current 
from normal potential to double normal 
potential is a million fold. The equivalent- 
needle-gap of this arrester is 0” as com- 
pared to 0.25” for the older types of 600 volt 
arresters. The internal resistance is so low, 
and the inductive circuit so short, that the 
hands can be held across this arrester while 
a discharge of 100,000 volts at a frequency 
of about a million cycles from leyden jars is 
being discharged through it. In this type of 
arrester the effect of the temporary critical 
film voltage is prominent; it may be said that 


Fig. 8. Insulator Carrying a Horn Which Revolves Horizon- 
tally Around its Axis 


When the horns are in line the gap length is less than the 
spark potential of the line, and in this position the arrester can 
be tested. The normal positeon for the horn is at an angle to 

1c Opposite horn,so that the gap setting is greater than the 
aera line potential. When used as a disconnecting switch 
the horn ts swung around at right angles. 


the arrester begins to discharge the instant 
the voltage rises one volt above normal. The 
capacity of this arrester as measured by the 
ordinary methods is equal to the electro-static 
capacity of 400 miles of trolley. The capac- 
ity is a combination of the electro-chemical 
and electro-static. 
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Induction of Connecting Leads of 600 V. Direct Cur- 

rent Arrester 

While this arrester will discharge at a high 
rate of current and limit the voltage at its 
terminals to a very small value, it cannot, 
however, prevent a drop of potential in its 
connecting leads. At ordinary frequency, 
the drop in potential along even a small wire 
is of negligible value, but at high frequencies 
the voltage drop for even a foot of wire may 
become dangerous to cotton insulation. Some 
idea of what might take place may be ob- 
tained from the discharge of a levden jar. 
With a circuit giving a frequency of 2.25 
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Fig.9. Tilted Insulator Horn Gap 


In this switch the horns are set in the same plane with thy ap. 
at a setting somewhat above the line potential, so that the cur- 
rent will not flow into the arrester continuously. For the 
purpose of testing, an intermediate insulator is supplied which 
revolves around the horizontal axis, and by tilting carries a 
metal wire between the horns, and thus places the aluminum 
cell im contact with the line. For disconnecting, one horn is 
fulcrumed at the top of the supporting insulator and may be 
turned over backwards in a vertical plane. 


length of wire which will puncture four thick- 
nesses of cotton covering. In other words, 
it will short circuit two adjacent wires, each 
of which is double cotton covered. While 
this condition evidently happens infrequently 
on the trolley circuit, it shows the advis- 
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ability of taking the precaution to make the 
distance from the lightning arrester tap to 
ground as short as possible, as compared to the 
length of connection to the other apparatus. 
The ideal condition would be to install the 
arrester as near the motor frame and truck 
frame as possible, and bring the trolley lead 
down to the arrester and then back to the 
controller apparatus. Exactly how far it is 
necessary to reduce the inductance or length 
of the ground connection of the arrester, has 
not yet been determined. Unless the light- 
ning conditions are unusually severe, no 
. “1% resent practise seems neces- 
ny case extra precautions 
to lessen the inductance 
ey will be found in one or 
wing: (u) Flat strip used as 
rth; or (6), connections to 
frame, and wheel, as well as 
ne. 
che potential drop in a flat 
hat in a round wire is shown 
values of equivalent-needle- 
leyden jar circuit having a 
_memee-Y Of 2.25 million cycles per 
second. 

5 ft. strip 24 ins. wide and very thin, ¥ in. 

5 ft. round No. 10 wire, ¥& in. 

When certain foreign substances are placed 
in the electrolyte, the aluminum cells fail by 
allowing a heavy current to flow through 
them. This brings the electrolyte up to the 
boiling point, and the cqls boil themselves 
dry and finally open up the circuit. 

Surge Protector 

The third general type of aluminum 
arrester is the surge protector. The surge 
protector, like the direct current arrester, is 
connected directly to the circuit. The prin- 
cipal problem relates to the wear of the alum- 
inum plates under. the continuous scouring 
The cone 
type of the arresters has been tested in service 
during several years, but the surge protector 
is More recent, and is now being tried out in 
service. The necessity for the surge protector 
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is found principally on cable systems where 
the ratio of the capacity to the inductance is 
large, and consequently, where the surge 
current on the line will be correspondingly 
large for every volt of lightning potential. 


Choice, Condition, and Location of Arresters 

In the preceding discussion, an attempt is 
made to show briefly the variable demands 
on an arrester. Although no invariable rules 
can be made to include all cases, it is possible 
to cover most of them with the following 
directions. 

On overhead systems use enough gap 
aluminum arresters to protect the entire sys- 
tem from an accidental grounded phase. Use 
these aluminum arresters in stations where 
there is an attendant, or where an auxiliary 
small wire may connect to an alarm in a 
house or office from which word can be sent 
to the nearest station that trouble exists on 
the line. In all such locations use normal 
electrolyte and a horn-gap setting of 125 to 
175 per cent. of normal potential, according 
to the local conditions. In general, use the 
aluminum arrester where there is expensive 
apparatus. Move other types of arresters 
from important stations to places of less 
importance to give room for the aluminum 
atresters. Keep the aluminum arrester as 
cool as possible. Except in very sunny, hot 
countries, no unusual precautions need be 
taken. 

In unattended stations or isolated installa- 
tions, use modified electrolyte if tests cannot 
be made more frequently than once per week, 
and make the horn gap setting 175 to 225 
per cent. of normal voltage. Use this type 
of installation, or the multigap arrester where 
overhead lines join cables, 

For direct current railway circuits, the 
aluminum arrester becomes essential in sub- 
urban districts where lightning is frequent. 
On every direct current feeder circuit, use 
aluminum arresters in the stations, at least. 
Use aluminum arresters in any location where 
the resistance type is not giving complete 
protection, For complete protection, the 
established rule should be followed of placing 
one arrester on each car, and two per mile on 
the line. 

On 110 volt direct current circuits use the 
no-gap 100-300 volt aluminum arrester to 
protect recording meters and other delicate 
apparatus, 


THE LUMINOUS ARC LIGHT- 
ING OF TOLEDO 


By C. R. McKay 


A ten vears’ contract for the street lighting 
of Toledo became effective on January 1, 1907, 
between the City of Toledo and the Toledo 
Railway & Light Co. 

This contract required the furnishing of 
1375 are lights of 2000 candle-power equiva- 
lent, to be burned nightly, from one-half 
hour after sunset to one-half hour before sun- 
rise. 


Fig.1. Summit Street, Toledo. Showing Ornamental Poles 
Supporting Luminous Arc Lamps 


The low remuneration and character of 
service required demanded the adoption of 
the most efficient system of illumination, 
in order to avoid financial loss to the con- 
tractor. 

The luminous are system, with mercury 
rectifers and constant current transformers, 
was selected, and there are at present 1637 
General Electric 4 ampere magnetite arc 
lamps in operation, with 129 additional lights 
in process of erection. 
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Thus, the results of one year’s trial justified 
the City of Toledo in adding within that 
period nearly 400 lights to the number 
originally specified. 


Station Equipment 

The required energy is generated in 3- 
phase Curtis turbo-generators wound for 
4000 volts, Y connected. 

Thirty-seven constant current 25 cycle 
50 light transformers, wound for 2200 volts 
primary were installed, together with a 
corresponding number of 
mercury are rectifiers and 
switchboard panels. 

Thirty-four of these rec- 
tifiers are of the air-cooled 
type, the blast being sup- 
plied by either of two fans, 
driven by 12 h.p., 25 cycle 
induction motors, each of 
which has ample capacity 
for the entire 34 sets. 

Recently, three sets with 
oil-cooled rectifiers have 
been added to the original 
installation. 

Each circuit panel sup- 
ports one rectifier, with 
adjustable blast gate, am- 
meter, excitation switch, 
primary, secondary, short 
circuiting plugs, bus trans- 
fer plugs, and tube tilting 
handle. 

A totalizing panel located 
in the center of the arc 
switchboard supports three 
indicating wattmeters, 
three recording wattmeters, 
and two triple pole, double 
throw fused switches, each 


In case of necessity, it is possible to supply 
power for the luminous arc lights by inverting 
either of the two 1000 kw. 25 cycle rotary 
converters, normally used to convert alter- 
nating current into direct current for 
operating the street railway. 


Lines 

All lines leave the power house in multiple 
conductor lead covered cables with 4% in. 
paper insulation on each conductor. After 
traversing the underground district in vitrified 


of these switches controll- Fig. 2. Lighting of Summit Street, Toledo by Luminous Arc Lamps 


ing a blower motor. 

A three phase 4+wire 4000 volt bus, con- 
trolled by a motor operated oil switch, 
traverses the entire length of the arc switch- 
board behind the sub-bases. The trans- 
formers are so connected between the neutral 
and outer buses as to closely balance the 
system. 

The transformers stand in two parallel 
rows on the engine room floor directly below 
the switchboard gallery, and their primary 
and secondary leads rise directly from the 
transformer terminals to the rear of the panels 
overhead. 


tile, or cement lined iron duct, the circuits 
continue overhead on ordinary construction 
with double petticoat glass insulators. 

No unusual line troubles have occurred, 
either on the aerial, underground, or sub- 
marine lines, although surges coincident with 
tube flashings have occasionally punctured 
temporary wiring between transformer sec- 
ondaries and rectifiers, 


Lamps 
The lamps are distributed throughout the 
city at an average distance of 600 feet apart, 
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and are generally hung over the center of 
street intersections, at a height of approx- 
imately 25 ft., by means of suspension wires, 
and are lowered for trimming. 

The first lamps were started during stormy 
winter weather, and some difficulties were 
encountered due to high winds rupturing the 
arcs. Upper electrodes of j in. diameter were 
in use, but these tended to oxidize, thus 
reducing the diameter, and resulting in 
sticking or welding of electrodes. 


line losses, aS measured at the direct current 
circuit terminals. The watts at the circuit 
terminals for the alternating current 74} am- 
pere lamp averaged 525, showing an approxi- 
mate reduction of 38 per cent. In energy per 
light supplied to the circuit. 

The satisfaction afforded by the illumina- 
tion from the new light is well illustrated by 
a recent incident, when it became necessary 
to substitute without notice the original 74 
ampere enclosed alternating current lamps 


Fig. 3. Interior of Power Station of the Toledo Railway and Light Company (Daylight View) 


These difficulties have been satisfactorily 
remedied in the later type of lamps by se- 
curing wind proof contact between globes and 
canopies, and by the use of upper electrodes 
of large diameter. 

The life of the lower electrode has been 
increased from approximately 110) hours 
to over 160° hours, and it is) expected 
that the upper electrode wall last fully a 
Vear. 

The luminous are limps in operation aver- 
age from 520 to $24 watts per lamp, including 


in place of the luminous are lamps, owing to 
the breakage, by a falling bridge span, of 
six are circuits supplying some 300 lamps in 
East Toledo. Vigorous protests to the City 
Council from residents and merchants of 
East Toledo clearly expressed the public 
opinion as to which type of lamp gives the 
best dlumination. 

Gazing directly at the luminous arc, there 
is discernible to the trained eve a slight 
frequency flicker, which is imperceptible in 
the general tlumination. 
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Mercury Rectifiers 

The doubtful element of this svstem has 
generally been considered to be the rectifier 
tube life, and many inquiries regarding the 
luminous are system have been aimed at the 
rectifier, The following data is therefore given 
in order to show the results in a specific case. 

The manufacturer's guaranteed average 
life for the air cooled 50 light tubes was 400 
hours operation. 


Total number of tubes tried : - 3 
Tubes failing to start. : : . 6 
Tubes failing under 400 hours life 33 
Tubes exceeding 400 hours life. . 449 


Average life of these 49 to Mar. 1, 1908, 

: ; : ; : ‘ 1445 hrs. 
Tubes operating Mar. 1, and exceed- 

ing guaranteed life. . - - 25 


Average life of these 25 ‘ . 1594 hrs. 
Tubes exceeding 400 hrs. life and 
failing prior to Mar. 1, 1908 . : 2a 
Average life of these tubes . 1290 hrs. 
Average life of 93 tubes, including 
failures to Mar. 1, 1908 793 hrs. 
Maximum life observed to March 1, 2697 hrs. 
The above record includes both oil cooled 
and air cooled tubes, but sufficient time has 
not clapsed since installing the oil cooled type 
to definitely establish a preference. There are, 
however, reasons forexpecting still greater life. 
Efficiency and Power Factor 
In response to numerous inquirics, tests 
have been made of the efficiency, the power 
factor, and the power required to supply the 
air blast. These tests closely confirm the 
makers’ guarantees. The results follow: 


Fig. 4. 
Transformer on 100°), Tap 
LOAD A.C. INPUT—25 CYCLE 
Lamps a Amp Volts K.V_A Kw. 
a. 50 100 13.74 | 2308 $31.70 1%. 
b, 37 74 13.70 ' 2303 31.55 14. 


Interior of Power Station by Night 


Dc. OUTPUT 


op RP. —_—-— > Effic’y. 
Am} Volts | Kw 

55.4 4.04 3809 15.75 SOLS 

45.) $13 2892 | 11.94 84.3 
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Transformer on 80%, Tap 
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| LOAD ; AC. INPUT —28 CYCLE | | = D.C. OUTPUT 7 
Lamps | full | Amp. Volts || K.V.A.| Kw.) PP | amp. Volts | Kw,  % Biicy 
C. | 37 | 92.5 | 10.01 2294 | 22.96) 13.59 | 59.3 4.17 | 2877 | 12.00 , 884 
d, 25 | 62.5 9.29) 2305 | 21.43) 10.09 | 47.1 4.12 | 1952 ' 8.04 79.7 
4a se ow = —— 2, ee | 2 - - — b a "e a } d 
Volts per lamp D.C. (line losses included) 80.0 78.2 778 78.1 
Watts per lamp D.C. (line losses included) 315.0 323.0 324.0 321.0 
Watts per lamp A.C. (line losses included) 351.0 383.0 367.0 403.0 


The efficiency indicated above is the ratio 
of the D.C. output to the circuit to the A.C. 
input to the constant current transformer, 
and includes all losses in the transformers, 
reactances, rectifier, and switchboard wiring 
and connections, All instruments were cali- 
brated before and after the tests. 

The efficiency and power factor readings 
are in each case averages of ten separate 
tests, which showed practically no variation 
from each other. 

The primary A.C. voltage during the tests 
was about 5 per cent. above rated trans- 
former voltage, which fact accounts for the 
low power factor. 

During each test the circuits were patrolled 
to insure that the full number of lamps 
specified were actually burning. 

The values of the A.C. input to the trans- 
former under test were closely confirmed by 
both the indicating and the recording watt- 
meters on the totalizing panel, which gave 
averages for the entire installation; therefore 
these values are not open to criticism as 
representing special conditions unattainable 
in normal operation. 


Power for Air Blast 


The following figures show the input to 
the blower motor with various numbers of 
blast gates opened. 


Power for Air Blast. (Blower Motor Input) 


No. Blast 


Kw, Average Kw. 
Ports Open Input | per Blase 
0 (Fan running light). 3.37 0. 
10 (Fan running light) 4.65 OAT 


60S 
6.98 


0.350 
0.21 


20 (Fan running light) 
33 (Fan running light) 


An important factor in the life and opera- 
tion of mercury rectifier tubes is the tempera- 
ture range to which they are subjected, and 
unsatisfactory results from tubes of moderate 
voltage could perhaps frequently be attrib- 
uted to improper temperature conditions. 
The blast temperature can not readily be 
regulated in all seasons and localities, and 
therein may lie a strong inherent advantage 
of the oil cooled type over the air blast type. 


Display Street Lighting 

The satisfactory results obtained in general 
from the introduction of the luminous arc 
lamp system in Toledo, early led to a demand 
for special illumination of Summit Street, one 
of the principal business throughfares, which 
includes much of the shopping district. 

On each side of this street, for approxi- 
mately one and one-quarter miles, ornamental 
iron poles, each supporting two luminous arc 
lamps, were erected at intervals of 80 feet. 
The result is perhaps the best illuminated 
street in America, according to the opinions of 
various illuminating experts. 

One-half of the cost of this display lighting 
is borne by the City, and the other half by 
the merchants and property owners. 

The effect of this lighting in attracting 
business from adjacent streets, which lack 
the brilliancy of Summit Street, has aroused 
other merchants and property owners to 
activity, and an installation duplicating that 
of Summit Street is now in process of erection 
on Superior Street. 

Other business streets are planning similar 
extensions, and it may be predicted that at 
an early date the entire business district of 
Toledo will be brilliantly illuminated with an 
economical and harmonious system, free 
from the circus effects which so often offend 
good taste. 


MILL TYPE MOTORS 
By M. A. Wuitinc 


Power AND Mintnc DeparTMENT, GENERAL Etectric COMPANY 


Operating Conditions 

The power required in a steel plant is much 
greater than that required in the largest 
manufacturing plant of any other industry. 
In addition to the main rolls, there is required 
a large number of auxiliary machines for 
handling the raw materials and the product 
at various stages in the train of operations. 
In most cases, several of these machines are 
handled simultaneously by one operator 
located at a considerable distance. For this 
reason, and because the distribution of elec- 
tric current through a large plant is much 
simpler than the distribution of steam, the 
tendency is to use motor drive throughout. 

With the exception of bloom shears 
and manipulators, which are gencrally hy- 


been used. Motors in this class of service must 
meet the conditions of intermittent service 
with very large momentary overloads, abnor- 
mally rapid acceleration, and reversal at full 
speed with consequent heavy shocks. 

As a rule, motors in mill service must be 
totally enclosed as a protection against dirt 
and scale, and must operate with very high 
surrounding temperatures. In general, the 
mills will run twenty-four hours a day, six 
or seven days a week, thus allowing very 
scant time at infrequent intervals in which 
to make repairs and replacements. In almost 
every case continuity of operation is of prime 
importance; for example, the disabling of 
a 50 or 75 h.p. motor on a tilting table may 
shut down a blooming mill, rail mill, or struc- 


Fig. 1. MDor MI-107, 75 H.P. Motor, Back Geared 


draulically operated, the various classes of 
auxiliary machinery can be electrically driven 
with considerable advantage. The more im- 
portant of these auxiliaries are: ore unload- 
ers (including car dumpers), ore bridges, 
furnace hoists, charging machines for open 
hearth and reheating furnaces, cranes, screw 
downs for adjusting the main rolls, tilting 
tables, transfer tables, cambering rolls, and 
pull-ups for handling the rolled product to 
and from the hot beds. Plate bending rolls, 
and very small main rolls for rods and small 
bars may also be classed with the machines 
just enumerated. 

These applications constitute the severest 
service for which the electric motor has ever 


tural mill, interrupting the entire production. 
A motor which shows signs of trouble will 
invariably be kept in service until it is en- 
tirely disabled, or until the mill is shut down 
for other reasons. Motors in this service must 
therefore be as simple and as conveniently 
arranged as possible in order that they may 
be taken out and replaced, or opened up and 
defective parts replaced in the shortest pos- 
sible time. In addition, the motors should 
require a minimum amount of inspection and 
should be as nearly fool proof as possible. 
The workmen, accustomed to handling heavy 
masses of steel, and working under pressure, 
so to speak, become very reckless in handling 
apparatus of any sort; thus, the motors are 
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subject to a great deal of unnecessary abuse, 
in addition to the severe handling which is 
made inevitable by the requirements of the 
service, 

The severe electrical and mechaneal re- 
quirements, as outlined above, render the 
ordinary types of motors, including railway 
motors, entirely unsuitable for this work, 
Railway motors have been used to some 
extent in steel mills in spite of various dis- 
advantages. Their shafts and bearings are 
not heavy enough, however, and in the 
larger sizes the frames are not split. The 
motors are entirely too compact, and com- 
mutators cannot be made large enough for 
satisfactory operation at 220 volts. 


General Characteristics of Design 


To meet the severe conditions of steel mill 
service, the General Electric Co, has developed 
the mill tvpe motors for both direct current 


with square heads, lock washers and hex- 
agonal nuts. The corners of the bolt heads 
do not swing clear of the frame, this con- 
struction making it unnecessary to use two 
wrenches. Four heavy feet are provided at 
the corners of the frame, each foot being 
drilled for one large holding down bolt. 

The armatures have been made small in 
diameter so that when reversing rapidly they 
will not require excessive power for acceler- 
ation. 

Large openings are provided at the com- 
mutator or collector end to allow easy access 
to the brush rigging. The covers are of 
malleable iron and are held in place by a 
hinged lock bolt. The housings for the 
armature bearings are part of the frame and 
are liberally designed, no effort being made 
to crowd them inside the frame. Bearing 
linings are cast iron, babbitted, and offer a 
long bearing surface. A shoulder at the end 
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and alternating current, In the design of 
these motors the chief consideration has been 
a simple and extremely strong mechanical 
construction, The direct current machines, 
known as MD motors, are of the series type 
and are standard for 220) volts, but can be 
furnished for 550 volts. The alternating 
current machines, known as MI motors, are 
form M induction motors built for 25 cycles, 
and for 220 and 440 volts. The MD and 
MI motors are built in corresponding sizes 
which have the same horse-power ratings, 
ranging from 3 to 1450 h.p. The corresponding 
sizes of the two lines of motors have the same 
outline and foundation dimensions. Shafts, 
bearing linings, frames, countershafts and 
Various minor parts of these two lines of 
motors are similar, and in some cases Wentical. 
The frames are octagonal in shape and are 
split horizontally, the two halves of a frame 
being held in alignment by dowel pins, and 
bolted together by four heavy rough bolts 


of the lining nearer the armature bears 
against a machined vertical surface on the 
lower housing, the armature end thrust being 
thus transmitted from a shoulder on the shaft. 
directly through the shoulder of the bearing 
lining to the lower half of the frame. The 
bearing linings are split, the two halves being 
bolted together, thus permitting the use of 
solid oil rings. <A forged bail is cast in the 
upper half of each lining by means of which 
the armature may be handled. The lower 
lining is provided with a projection on each 
side, which rests against the upper bearing 
housing and prevents the lining from rotating, 
the use of dowel pins being thus avoided. 

The armature bearings are supplied for 
waste lubrication, or for oil ring lubrication 
with two rings per bearing. To change from 
ring to waste lubrication, it is simply neces- 
sary to change the linings. Oil grooves and 
deflectors are provided to prevent leakage of 
oil at any point. 
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Countershaft bearing brackets are a part of 
the lower half of the frame. while the caps for 
these bearing brackets are held down by two 
rough bolts at diagonal corners, and are 
lined up by a tongue and groove. The linings 
are split, and of the same general design as 
the armature bearing linings, with the ex- 
ception that the two halves are not bolted 
together, and the bails are omitted. Counter- 
shaft bearings are designed for waste lubri- 
cation. 

The shafts are extra heavy, being designed 
for an ample factor of safety against maxi- 
mum combined stresses at 100 per cent. over- 
load. The pinions are made of the best grade 


The armature core is built up of soft steel 
laminations keyed to a spider according to 
standard practice. A bar winding is used in 
open slots, the bars being held in place by 
binding wires recessed below the core surface, 

The commutator shell is carried on an 
extension of the armature spider, allowing 
the shaft to be removed without disturbing 
the connections. The segments have solid 
ears, the ends of the armature bars extend- 
ing directly into the slots in these ears, thus 
eliminating the commutator leads. 

The brush rigging is of a simple and sub- 
stantial construction, the body being of cast 
iron and the brush boxes of brass. A heavy 
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of hammered steel, and the gears of cast 
steel, the width of face being considerably 
greater than for standard railway practice. 
Tooth stresses are computed on a basis of 100 
per cent. overload, Split or solid gears are 
furnished. 
MD Motors 

The pole pieces are laminated, according 
to standard practice. Each pole piece 1s 
held in place by two square headed bolts, 
which prevent improper alignment of the 
pole piece. The field coils are wound with 
flat strip copper, are insulated between 
turns with asbestos, and covered with sheet 
mica and asbestos tape, well filled with 
insulating varnish. 


coiled spring of phosphor bronze is used, which 
has no adjusting lever or other small parts 
to get out of order. Brush holder studs are 
screwed into the frame, no provision being 
made for shifting the brushes, as the motors, 
being reversible, are designed to operate with 
brushes at the neutral point. The largest 
motor, which is a six pole machine, has four 
studs, one of which is in the lower half of the 
frame, the lead for this stud being brought 
to the outside. Each of the other motors has 
only two studs, both in the upper half, thus 
simplifying the connections and rendering in- 
spection a very easy matter. All connections 
between the two halves of the motor are 
brought to the outside. No connection board 
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is used, as the leads are provided with a 
simple form of coupling over which an insu- 
lating sleeve is slipped. 
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Fig. 4. Characteristic Curves of MD-107, 75 H.P. Series Motor 


The MD motors are standard for 220 volts, 
with series field. Compound windings are 
usually 20 to 25 per cent, shunt, limiting the 
free running speed to about twice full load 
speed. Commutating poles are used on the 
four largest sizes, insuring black commutation 
at excessive overloads, 

The efficiencies of these motors are impor- 
tant, not with respect to power consumption, 
but with respect to heating, and the efficiencies 
have, therefore, been made as high as is con- 
sistent with the severe mechanical require- 
ments. The MD motors have efficiencies 
about three per cent. higher than those of 
the corresponding sizes of railway motors, 
the value for the larger sizes being about 90 
per cent, at full load, 

These motors will operate totally enclosed 
at rated load for one hour, with temperature 
rises of 65 to 75° C. by thermometer. The 
limit of commutation has never been reached 
on any of these machines, commutation being 
black at 100 per cent. overload, and only very 


slight sparking occurring at 200 to 300 per 
cent, overload. 


MI Motors 

As mentioned above, the MI motors have 
the same outline and foundation dimensions 
as the MD motors of corresponding sizes; 
the two types are, therefore, interchangeable. 
The MI motor has a split box frame from 
which the stator can be removed, this feature 
involving a radical departure from standard 
practice with respect to mechanical design of 
induction motors. 

The stator is made up as a complete and 
separate unit. The punchings are assembled 
on twelve steel studs passing through ears on 
the outer circumference. By means of these 
studs the punchings are clamped rigidly 
between cast iron end flanges. Open slots 
are used, and liberal air ducts are provided 
for ventilation. 

Coils are form wound and moulded to 
exact size before assembling on the stator, 
this arrangement rendering the coils inter- 
changeable, and facilitating repairs. The 
principal insulation is placed on the coil, 
although ample slot armor is also provided. 
The coils are held in place by heavy wedges, 
and supporting rings bolted to the end 
flanges protect the coil ends. The completed 
stator is therefore proof against careless 
handling. 

When the stator is let down into the frame, 
the ear at the bottom of the stator fits closely 
between two machined ribs on the frame, 
thus preventing the torque of the motor from 
revolving the stator. Each half of the frame 
contains several such ribs, bored out to the 
exact diameter of the outer surface of the 
stator, and when the two halves of the frame 
are bolted together the stator is brought into 
alignment and held rigidly in place. 

The rotor spider is extra heavy, the punch- 
ings being held in place by double dovetails, 
and, in addition, by steel pins driven through 
reamed holes near the inner circumference. 
The end flanges are pressed on the spider and 
held by lengthwise and crosswise keys. The 
rotor is of the form M type, polar wound, a 
bar winding being used in partially closed 
slots, 

In view of the severe service for which these 
motors are designed, the air gap has been 
made much larger than standard practice, 
being two and one-half to three times that of 
the usual type of induction motor with the 
same diameter of rotor. 
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The collector rings are of the open form, 
large in diameter, and of a heavy, rigid con- 
struction. They have fans cast. on them, 
which help to maintain a circulation of air 
inside the motor. The collector rings are 
mounted on a shell which fits on an extension 
of the rotor spider, making it possible to 
remove the shaft without disturbing the 
collector. The well-known clock spring type 
of brush holder is used with heavy cast brass 
brush boxes and carbon brushes. Each of the 
three brush holders is supported at both ends, 
four studs in all being used, which are carried 
by a yoke bolted to the upper half of the 
frame. The arrangement of the brush rigging, 
and the large size of the upper hand hole 
cover make the brush holders easily accessible 
for inspection or for replacement of brushes, 
The rotor leads are brought out through the 
upper half of the frame, and the stator leads 
through the lower half. In taking the motor 
apart it is therefore unnecessary to break any 
connections inside of the motor. 

The MI motors are wound for 220 or 440 
volts, and as previously mentioned, they are 
form M, the control being accomplished by 
means of resistance in the rotor or secondary 


ME OF -2S: oe. #200 AC Atel Afebar 
he Af 


: 


FRc rency ard Power Factor 
. 


g 


Lire Cur rerk 


8 


wy 


o 40 co 4) “£0 
Aarse Power Obst 
fig 5 


Characteristic Curves of MI-107,75 H.P. Motor 


circuit. In the layout of these motors, the 
chief considerations were superior mechan- 
ical construction and ease of repairs and 
replacement. Notwithstanding the severe 
mechanical requirements of the design, high 
efficiencies have been obtained, equal in most 


cases to those of the usual type of form M 
motors, the average in the larger sizes being 
about 90 percent. The power factorsofthe MI 
motors are lower than those for standard 
motors; thisisa necessary result of the increased 
air gap, and need not be considered a dis- 
advantage in this type of machine. In cases 
where a high power factor is essential, the 


operating conditions are not, as a rule, so 


severe as to require machines of the ex- 
tremely rigid design of the MI motors, and 
motors of the usual type can therefore be used. 
It should be noted that the power factors are 
highest between full load and 100 per cent. 
overload. As these motors will ordinarily 
operate at large momentary overloads, the 
average power factors will be better than is 
apparent from the first glance at the curves. 
These motors have a maximum torque, 
ranging in the various sizes between 240 and 
267 per cent. of full load torque. 

The current and torque during acceleration 
depend to a large extent upon the control 
equipment used; this point will therefore be 
taken up in the discussion of control. 

When totally enclosed, the MI motors will 
operate at rated load for one hour with tem- 
perature rises, by thermometer, of 65 to 75 
degrees C, 

Control 

Either drum or type M control may be 
used with the mill type motors. For the 
smaller sizes, drum control will in many cases 
prove satisfactory, while for the large motors, 
drum controllers should not be used except 
for infrequent service. For heavy duty the 
type M control system should be used, as 
it is more reliable, will handle heavier cur- 
rents, and involves much less repairs and 
depreciation. Since the master controllers 
are small, several can be installed within 
easy reach of one operator; also, several 
motors can be operated as a unit from one mas- 
ter controller. 

Type M systems in general may be divided 
into three classes; namely, hand, time limit, 
and current limit control. In a hand control 
system the successive resistances can be cut out 
eitherat intervals orsimultaneously, at the will 
of the operator. With a time limit system, al- 
though the operator may throw the controller 
handle instantly to the full running position, 
each resistance step must remain in circuit a 
predetermined time before being cut out, 
Witha current limitsystem, the current oneach 
point must fall to a certain value, irrespective 
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of the elapsed time, before the motor can be 
notchedup tothe next point. With either a 
time limit or current limit system, the master 
controller can be thrown instantly to the full 
running position, in which case the motor will 
accelerate at a rate subject only to the pre- 
determined limit; or the controller may, be 
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Fig.6. Type M Control Equipment for Mill Motors 


moved up one notch at a time, thus obtaining 
a slower acceleration. This arrangement is 
usually spoken of as a combined hand and 
automatic control. 

Most of the apparatus is similar for the 
three svstems, the connections and the limit 
device being the principal points of difference. 
As current limit equipments are preferred al- 
most without exception for steel mill work, 
the discussion will be confined to this system. 
The motor circuit is closed and the resistances 
eut out bv electrically operated switches 
known as contactors, operated by a circuit 
which is energized by the power supply and 
controlled by a small master controller. The 
control circuit passes through electrical inter- 
locks on the contactors, and through a cur- 
rent limit relay in the main circuit. The 
interlocks consist of make and break con- 


tacts in the control circuit, and are attached to 
and operated by their respective contactors. 

The connections through the relay and 
interlocks are arranged so as to accomplish 
several results. First. the line contactors are 
interlocked so that it is impossible for both 
pairs of contactors to be closed at the same 
time, which operation would short circuit the 
line. Second, the contactors which cut out 
the resistance are interlocked with the relay in 
such a manner that a contactor cannot be 
closed (cutting out a section of resistance) 
until the load current falls to a certain pre- 
determined value. But when closed these con- 
tactors will remain so. independently of the 
operation of the relay. Third, adjacent con- 
tactors are interlocked with one another so 
that they must close in succession and not 
simultaneously. 

The master controller commonly used has 
several segments, corresponding to the various 
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Fig. 7. Type M Control Equipment, Side View 


steps, enabling the operator to start up 
slowly, notching up by hand. Or, if desired, 
the controller may be thrown instantly to the 
full running position, allowing the motor to 
accelerate automatically at a rate limited 
only by the current limit relay, With this 
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form of master controller the motor can be 
operated at reduced speeds, either by notch- 
ing up to the required point from stand still, 
or by notching down from full speed, 


Fig.8. Connections of Type M Control 
for MD Motors 


Fig. 8S shows the connections of a direct 
current equipment with five points forward 
and reverse, used for operating a series motor. 
For a motor with a small shunt winding the 
control is similar, the shunt field being carried 
through the master controller. In this way 
the shunt field is opened, discharging into a 
resistance, every time the controller is thrown 
to the off position. It is thus impossible for 
a careless operator to leave the shunt field 
on, when the motor is shut down. When 
conditions render it necessary, a shunt field 
relay may be used, its function being to pre- 
vent the operation of the motor if the shunt 
field is broken. 

Fig. 9 shows the connections of an alter- 
nating current equipment—seven points for- 
ward and reverse. The wiring of contactor 
coils, interlocks and relays is practically the 
same for the direct current and alternating 
current equipments, 

The proper number of points in a control 
equipment depends upon several considera- 
tions. To obtain considerable refinement 


with respect to uniformity of acceleration and 
reduction of current peaks and motor losses, 
a larger number of points should be used 
than would otherwise be required. In the 
case of the type M equipments, however, a 
large number of points means a very expen- 
sive and complicated equipment, with a 
consequent increase in repairs and deprecia- 
tion. Furthermore, in service requiring an 
extremely rapid acceleration, if a large num- 
ber of points is used the contactors will not 
close rapidly enough. In mill service, there- 
fore, the tendency is always toward a very 
few points. With the MD motors in heavy 
reversing service, five points with current 
limit are sufficient. With the MI motors the 
control should, as a rule, have seven points, 
which, in connection with a current limit, 
will give a satisfactory acceleration over a 
wide range of operating conditions. 

In installations of MI motors for heavy 
service there is an additional reason, not 
mentioned in the foregoing, for using type 
M control. If an induction motor operated 
by a drum controller is started by throwing 
the controller handle instantly to the full 
running position, the motor will be thrown 
on the last, or full running point, before it has 
time to speed up, and a very low torque will 
therefore be obtained, with an excessive 


Fig.9. Connections of Type M Control for MI Motors 


current input. A still worse condition will 
be obtained if the motor is suddenly reversed 
at full speed. A time limit device offers only 
a partial remedy, as it notches the motor up 
to full running position in a certain number 
of seconds, independently of the load. A time 
limit, therefore, will not positively prevent 
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the motor from reaching the last control 
point at too low a speed. In order to make 
it impossible to stall the motor by improper 
acceleration, and in order to secure the re- 
quired torque with a minimum current input, 
it is necessary to use a type M equipment 
with current limit. 
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Fig. 10. Curves Showing Disadvantage of Drum Control 
with Induction Motors in Reversing Service 


Fig. 10 illustrates, in a general way, the 
difference between a current limit accelera- 
tion and the acceleration obtained under 
unfavorable conditions with a drum con- 
troller. The heavy lines represent torque and 
current obtained by suddenly reversing a 
75 h.p. MI motor at full speed by means of a 
drum controller, and the light solid lines rep- 
resent the current and torque obtained by 
a type M current limit acceleration, the con- 
troller handle in each case being thrown 
instantly from full forward position to full 
reverse. With the drum controller the torque 
increases to a maximum on the third point 
and decreases on the following points, coming 
down approximately to full load torque on 
the full running position. Although the 
torque beyond the third point decreases, the 
current increases at every step, reaching a 
maximum of 400 per cent, of full load current. 


If the friction load is not too great, the motor, 
after coming to rest, will accelerate slowly 
(the torque being low, as shown by the heavy 
dotted curve), until the speed approaches the 
value corresponding to the peak of the torque 
curve. In the meantime a tremendous cur- 
rent will be taken. If the friction load is very 
large, however, the motor will not have suffi- 
cient torque on the last point to come up to 
speed, and will therefore be stalled. 

In contrast to this cycle of operation which 
may be obtained with a drum controller, that 
obtained with a current limit acceleration 
is shown by the light solid lines in the same 
set of curves (Fig. 10). The torque varies 
between uniform maximum and minimum 
values throughout the reversal, a high average 
being maintained. The current also varies 
between uniform maximum and minimum 
values, the maximum current being less than 
half that obtained in the sudden reversal 
with the drum controller. 

Fig. 11 gives a typical set of torque and 
current curves for an MI-107-75 h.p. motor 
with a seven point current limit control. 
These curves are laid out to cover the entire 
range from full speed reverse to full speed 
forward. The torque and current curves 
shown represent the proportioning of control 
resistance, which is suitable over the widest 
range of service conditions. The curves in 
Fig. 11 represent the most suitable control 
for reversing service, with average torque 
ranging from 150 to 225 per cent. full load 
torque; or for non-reversing service, with 
average torque ranging from 80 to 150 per 
cent. full load torque. If for reversing or 
non-reversing service, a greater torque is 
desired than the values given above, the 
same equipment will still prove satisfac- 
tory. Ifthe acceleration is very rapid, however, 
the maximum torque of the motor will not be 
reached until the motor has slowed down 
considerably, If less torque is desired than 
that given above, the torque and current 
on the first point will be much higher than 
on the following points. However, unless 
considerable refinement is desired, it will be 
unnecessary,even in extreme cases, to depart 
from the standard equipment. Adjustment 
for a high or low torque is made by setting 
the current limit relay for a high or low 
current limit, the relay being adjustable over 
a wide range. 

In Fig. 11 the light solid lines represent 
current and torque, with a current hmit of 
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150 amperes. On the first step the torque and 
current are low; on the second and following 
steps the current varies between 225 and 150 
amperes, and the torque varies between 1800 
and 1320. The mean square current over the 
entire acceleration is 28,700, and the mean 
torque is 1550. If the current limit is raised 
to 200 amperes, the acceleration will be as 
shown by the heavy lines, the maximum 
current and torque being reached on the third 
andsucceeding points. The current then varies 
between 285 and 200 amperes, and the torque 
between 1670 and 2050; the mean square cur- 
rent over the entire acceleration being 53,500, 
and the mean torque 1800. The maximum 
current therefore increases 26 per cent. for 
a 16 per cent. increase in torque. Making 
allowance for the less time to reverse at the 
higher torque, the heating due to copper 
losses increases 60 per cent. for a 16 per cent. 
increase in torque. If the current limit is 
raised to a still higher value, the copper 
losses and maximum current will, as before, 
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Fig. 11. Torque and Current Curves 


increase more rapidly than the torque. Asa 
rule, therefore, it will be found inadvisable 
to adjust the current limit to accelerate the 
motor at maximum torque. If the maximum 
torque is required, it can be obtained by 
setting the current limit at 275 amperes (not 
shown in Fig. 11), at which adjustment the 


motor will accelerate entirely on the peaks of 
the torque curves. If the motor is reversing 
a very heavy load, it will be notched up 
rapidly to the third point, where maximum 
torque is obtained. From the third point to 
the full running point, the mean torque is 
2075, which is only 1 per cent. below the 
maximum torque of the motor. This value 
of mean torque represents the extreme limit 
of performance of the motor, and can be close- 
ly approached only when the acceleration is 
slow compared with the time required for the 
control equipment to operate. 

The torque and current curves of the other 
MI motors are similar to those of the MI-107 
shown in Fig. 11. In applying current limit 
control to these motors, the limiting con- 
ditions and operating characteristics are the 
same as those briefly outlined in the fore- 
going discussion. 


Applications 


The large majority of applications of the 
mill type motors will always be in and about 
steel mills, where the tendency is to use mill 
type motors throughout. It should be borne 
in mind that these motors were developed 
primarily to meet steel mill conditions, and 
therefore do not offer any particular advan- 
tage in general applications. In classes of 
work where any of the common types of 
motors have proved entirely satisfactory, the 
introduction of mill type motors is unwar- 
ranted. With the exception of bending and 
straightening rolls, and possibly some forms 
of shears, there is probably no class of ordi- 
nary machine tools to which the mill motors 
can be advantageously applied. 

There are, however, certain other classes 
of work in which severe service conditions 
may make it advisable to use mill type motors. 
Gas plant charging machines and coke oven 
larries involve much the same conditions of 
heat, dust and rapid reversals which are met 
with in steel mills. In hoist work requiring 
an exceptionally high rate of acceleration, an 
ordinary type of motor will consume too 
much power in its own acceleration. In this 
respect the mill motors, with their small 
armature diameters, offer a marked advan- 
tage. These motors are also particularly 
well adapted to the operation of dredges, 
shovels, and other excavating machinery, 
where rapid acceleration, reversals, shocks, 
and general abuse of equipments render the 
service extremely severe. 
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SOME SUGGESTIONS ON THE CONSTRUCTION AND ARRANGE- 


MENT OF SMALL TRANSFORMER SUBSTATIONS 
By C. M. Hackett 


PoWER AND MINING DEPARTMENT, GENERAL ELectric Co. 


At present there are few, if any, small 
transforming stations that may be termed 
representative, the tendency being, as is the 
case in most new applications of electric 
power, to utilize available space in existing 
buildings, or to put up temporary buildings at 
smal] cost and install the apparatus in such a 
manner as, in the purchaser’s opinion, will 
answer present requirements. 

The fact that these installations can be 
effected cheaply makes a strong appeal to the 
prospective customer, and this feature is, of 
necessity, bound to be emphasized in making 
the sale of apparatus. There is no reason, 
however, why the advantages of a good 
arrangement cannot be had at as low an 
initial cost as a poor one, and the subsequent 
costs of operation, repairs and changes be 
carried on much more economically thereby. 

It may be considered a good method of 
procedure to let the conditions to be met 
determine the location of the station, if 
possible, as the arbitrary placing of the source 
of power for a plant at some place which has 
for its chief advantage the fact that it can be 
made ready with the least amount of present 
trouble and expense, is likely to prove annoy- 
ing and costly. 

The next point for consideration is naturally 
that of the transmission line capacity and 
voltage. If conditions are such that a suffi- 
cient number of power consumers can be 
found within a reasonable radius to warrant 
the power company in establishing a trans- 
forming station and building a branch line to 
operate at a reduced voltage, the problem for 
the individual consumer is much simplified 
and cheapened. If, however, it is necessary 
to tap directly to the main transmission line, 
which may carry many thousands of horse- 
power ata potential of 33,000 volts or more, 
the question of providing suitable controlling 
devices, such as lightning arresters, and oil 
switches of suitable rupturing capacity, be- 
comes of so serious a nature that a trans- 
former installation of small capacity, 500 h.p. 
or less, is impracticable. This is true both 
from the consumer's standpoint of initial 
cost and subsequent operation, and from that 
of the power company, as the latter would be 
unwilling to take the additional chances of 


interruption of service introduced by the 
taps to their lines, unless the amount of power 
consumed should be a reasonably large per- 
centage of their output. 

Transforming stations may be divided into 
two general classes: 

Ist. Those which have the control of the 
power distribution in the station, with the 
possible addition of rotating auxiliaries, such 
as converters or motor generator sets, and 
which have a diversity of service of both 
alternating and direct current. (Fig.1). 

2nd. Those which have control in part at 
the point where power is consumed, no rota- 
ting units in station, and only alternating 
current of one voltage in use. (Fig. 2). 

Under the first class will come the stations 
for supplying power for manufacturing es- 
tablishments, these establishments requiring 
various types and capacities of motor drive, 
with lighting and possibly electric furnace 
service. The consumption of power for such 
a plant will possibly amount to 5000 kw. 

For a station of this capacity, a building 
should be especially constructed, as only by 
so doing will it be possible to meet the re- 
quirements of the installation in a practicable 
manner. 

If possible, there should be duplicate feeders 
to the station, with tie buses and switches 
between them, and also a complete comple- 
ment of lightning arresters, disconnecting 
switches, choke coils and oil switches, and all 
reasonable precautions should be taken to 
minimize the chances of interruption of 
service. For convenience in installing ma- 
chinery, the station should be so located, if 
possible, that a spur track may be run along 
both sides of it, and the main floor should be 
about four feet above the top of these rails. 
It will generally be found unnecessary to 
provide working space, crane, etc., in the 
station for removing windings from trans- 
formers, as the transformers themselves can 
be easily taken to some convenient point in 
the plant where proper appliances for this 
work are available, thus materially reducing 
the size and cost of the building, besides 
making it posstble to isolate the transformers 
from all other apparatus, and from each other, 
if desired. As the transformers are accessible 
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only through doors opening to the outside 
air, this isolation is especially complete, and 
possesses all the advantages to be had in this 
method of transformer installation. 

Only a small part of the build ng need be 
carried up two stories, and in this part are 


SECTION. 
Fig. 1 


arranged the lightning arresters, choke coils, 
transfer bus and oil switches. The bus and 
switch arrangement may be made very simple, 
with open wiring and knife switches in the 
transfer bus; or the arrangement may be 
elaborated upon by enclosing the buses, and 
employing oil switches for sectionalizing and 
for connecting lines and between transformers 


and buses. The conditions governing each 
proposition should determine the extent to 
which this elaboration should be carried. 


The space required for lightning arresters, 
as well as the most practical location for 
them, which should provide adequate means 
for inspection and operation, is largely de- 
pendent on the line voltage. For low voltages 
(2300 to 13,000), the lightning arresters, if of 
the multi-gap type, may be easily placed in 
the same room with the switch and bus 
equipment, For higher voltages (33,000 and 
above), some special arrangement will gener- 
ally be found necessary, and this will vary 
with the type of arrester used, and with the 
conditions of climate. In the warmer climates 
where little or no snow falls, the arresters, 
if of the electrolytic type, may be frequently 
installed on the roof of the station to good 
advantage, but in colder climates they should 
preferably be inside of the station, or under 
some form of shelter. It will generally be 
found advisable to have the horn gaps in the 
open air, so located as to be safe and con- 
venient for operation and accessible for in- 
spection. Only in cases where the available 
space is large, fire proof, and so arranged that 
it is occupied exclusively by the lightning ar- 
rester equipment, should horn gaps be placed 
inside of the building. If ground space is 
available, one of the most economical ways 
of installing an electrolytic type of arrester 
is to construct a small building near the 
station in which the cells can be placed, 
while horn gaps may be arranged upon the 
roof. These horn gaps may be located 
directly under the transmission line if the 
wires are of sufficient height above the ground, 
say forty feet or more for voltages not ex- 
ceeding 60,000. If it is impracticable to have 
transmission lines at such an elevation, the 
arrester house should be placed to one side 
so as to give a safe clearance between horn- 
gaps and wires. 

The shelter house for the arresters need not 
be more than 16 ft. in height; this should give 
a minimum distance of about 20 ft. between 
the horn gaps and the wires, if the house is 
built beneath the transmission lines. While 
not absolutely necessary, it will be preferable 
to have this house non-inflammable. 

The operating room of the station, which 
contains the switchboard and such rotating 
auxiliaries as are required, should be well 
lighted by both natural and artificial light, 
and should have doors properly arranged 
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for bringing in machinery, in addition to the 
small doors for the use of operators, The 
height of the room will be dependent on 
whether or not it is necessary to have a 
traveling crane, and this in turn will depend 
on the size and number of machines installed. 
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above grade, the advantages of the basement 
will frequently offset the small extra expense 
of the steel floor supports and excavation. In 
case it is decided to fill in and place the floor 
on the fill, great care must be exercised in 
tamping in the filling material, or the floor will 
soon settle out of level, crack, and break up. 
In all cases, machine foundations must have 
their footings well below the original surface 
of the ground. 

A cable pit should be provided below the 
switchboard for the proper arrangement and 
distribution of wires, as, in an installation of 


— this type, the number and size of wires to be 
disposed of will be large enough to make it 
difficult to properly handle them in any other 
way. From this cable pit, a conduit system 
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If these aggregate 1000 kw. output, or more, 
it may be considered good economy to instal! 
a hand-power crane of sufficient capacity to 
handle the heaviest piece. 

In the matter of the basement, the amount 
of cable to be installed must be considered; 
and in addition, the cost of foundations under 
the machines; the cost of floor construction, 
when supported by structural steel; and the 
necessary excavation. The expense and ad- 
vantages of this arrangement must be con- 
trasted with those of simply filling in and 
placing the floor directly on the ground. As- 
suming that ‘the floor of the station is 4 ft. 


may be run to convenient points about the 
plant, thus permitting apparatus to be con- 
nected up with a minimum amount of open 
wiring. 

Material to be used in the construction of 
the building should, without question, be 
fire-proof in everv respect. That portion of 
the building which contains transformers, 
high tension switches, buses, lightning ar- 
resters, etc., should preferably be built of 
brick and concrete, omitting as far as possible 
all structural steel that might be exposed 
to the action of fire. It will generally be found 
possible to so arrange the main walls and 
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partitions that some standard form of rein- 
forced concrete can be used, thus eliminating 
all necessity for having any exposed steel con- 
struction. 

A roof with a single slope, if less than 50 ft. 
span, is to be recommended, as nearly any 
type of tile or concrete construction can be 
used, and if the slope is not more than one 
foot in 20 ft., no trouble will be found from 
washing by storms. If the span is short, that 
is, not more than 25 ft., ordinary I-beams 
can be used to good advantage to support 
the roof; but if the span is longer than this, a 
truss construction will be found more econom- 
ical. The flat roof also permits the forming of 
drainage slopes to leaders at the most con- 
venient points. In cold climates, leaders 
should be carried down inside of the building 
and run to the drainage system. If suitable 
drainage is not available, parapet walls should 
be omitted and a regular cave construction 
used, allowing the water to drip to the ground. 

In warmer climates, where other ventila- 
tion than that afforded by windows is neces- 
sary, monitors may be placed in the roof with 
a pivoted sash; but if a cheaper system of 
ventilation is needed, iron ventilators similar 
to the star type will give very good results. 

In a station where transformers are water- 
cooled, the extensiveness of the piping system 
will depend upon whether the water supply 
can be had under sufficient head to operate 
the system without the use of pumps, and 
upon whether a sufficient quantity can be ob- 
tained at a cost which is not prohibitive. The 
ideal system is one which eliminates all 
pumps and cooling apparatus, and consists in 
simply connecting the supply header to the 
transformer cooling coils, and thence to the 
drainage system. If, however, this is not 
practicable, and water must be purchased 
at considerable expense, it will be found 
advisable to arrange a system with pumps 
and a cooling tank so that the water can be 
used repeatedly, supplying only enough addi- 
tional water to offset the loss by evaporation. 
In the latter case, a tank of a size proportion- 
ate to the amount of water required in the 
system should be so placed as to give a natural 
head, forcing the water through the trans- 
formers to the drain, thence to the receiving 
tank, whence it can be raised by a pump to 
the cooling apparatus. This latter may be 
of simple character, the climate determining 
whether it can be placed in the open air, or 
whether it must be enclosed to prevent 


freezing. Unless the amount of water to be 
cooled is large, an ordinary pipe header, 
with branches from which small outlet nozzles 
spray water into the receiving tank, will be 


. adequate without a tower. 


In case it is impracticable to have a cooler 
and a tank in the upper part of the building, 
a sufficient amount of basement room should 
be provided for them, and the circulating 
pump may then operate directly on the 
header for the transformer cooling coils. 

In piping for the cooling system, supply 
headers should be of sufficient size to permit a 
slow flow movement when all transformers are 
under normal load. Arrangements should 
also be made for forcing a sufficiently rapid 
flow through the cooling coils to flush out any 
sediment which may be deposited there. The 
system as outlined here is of the open type; 
that is, with a break arranged in the pipe on 
the discharge side of the cooling coil to enable 
the rate of flow and the temperature of the 
water to be ascertained, as well as for the 
convenient attaching of a hose for carrying 
away the sediment when the coils are flushed 
out. With the exception of the devices for 
indicating the flow and the temperature, 
which devices are connected in the piping 
circuit, the closed system may be arranged 
in the same manner as outlined for the open, 

For the air-cooled type of transformers, 
a ventilating system should be arranged 
which will provide a volume of air sufficient 
to carry off the heat generated at maximum 
load. If conditions are such that this ventila- 
tion cannot be produced satisfactorily with 
natural draught, a blower should be provided, 
with necessary passages to the transformer 
compartments. 

All stations that have oil insulated 
transformers should have some provision for 
filling and emptying the tanks. As this has 
to be done only at long periods of time, a 
comparatively simple outfit will suffice. 

A vacuum pump, power operated if possible, 
that can be used to exhaust air from trans- 
former tanks while oil is being pumped in, 
gives the most nearly perfect results. Owing 
to the difficulty of getting a sufficiently good 
vacuum to draw oil into the transformer to the 
required height, a force pump should be 
provided for use in conjunction with the 
vacuum pump. Excellent results can be 
obtained in this manner, only a small amount 
of trouble being necessary to make the con- 
nections tight on the transformer. When 
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filling transformers for high voltage, should 
the weather be damp, it is good policy to pass 
all air which enters the barrels from which 
the oi] is being taken, through calcium 
chloride to prevent the introduction of water. 

To empty oil from the transformer tanks 
is a simple matter if the station is built with 
the floor well above the grade, or if a basement 
is provided. Pipes can then be connected 
to the bottom of each transformer outlet, and 
through these the oil can be run to barrels 
or a tank as desired. If, however, the trans- 
formers are not in a proper position for being 
emptied directly by gravity, a force pump 
with a short length of hose may be attached 
to the transformer outlet, and the oil- pumped 
to the storage. When three or more trans- 
formers are installed in the same room where 
the floor is on the ground at grade, they can 
be piped to a common header buried beneath 
the floor, and through this header oil 
can be run to a pit large enough to hold a 
barrel of the size commonly used in shipping 
transil oil. Above this pit, supports for a 
fall should be arranged for handling the 
barrels. 

For the second class of transformer sub- 
stations, the remarks concerning the power 
line, arresters and high tension switching 
system of the first class will apply with some 
modifications, these modifications being along 
the lines suggested by the smaller capacity 
of the station. This second class of sub- 
stations naturally includes those which must 
be operated from a line of small capacity, 
whether it be from a small generating plant 
or from a branch of a line of large capacity, 
thus making the controlling features of the 
arrangement much more simple and direct. 

The same care should be used in regard to 
all wiring and connections as in the case of 
the more complicated installations, such as 
the spacing of high tension leads, distance to 
ground, insulators and insulating, line en- 
trances and anchorages, and the location of 
lightning arresters., 

The station may consist of a small building 
erected expressly for the purpose, or of a 
room partitioned off in an existing building. 
If the latter is the case, or if the whole of an 
existing building is to be used, the manner of 
bringing in feeders will be likely to have some 
influence on the arrangement of the apparatus. 
Where the walls are of a sufficient height to 
permit the lines being brought through so 
that it is possible to locate disconnecting 


switches, lightning arresters, choke coils, etc., 
high enough to be clear of other apparatus, 
the arrangement should be simple, straight- 
forward and compact; but if the building is 
low, so that a tower or dormer must be used in 
order to get the entering lines far enough 
above the ground to be safe, there will gener- 
ally be complications in wiring which will 
make it necessary to occupy considerably 
more floor space in order to render the in- 
stallation safe and convenient. Since a single 
line will probably be considered sufficient for 
an equipment of this capacity, a hand-operated 
oil switch, with automatic trip for opening 
the circuit in case of emergency, will be sat- 
isfactory. From this, connections may be 
made directly to the transformers, all wiring 
being open and supported by porcelain insu- 
lators mounted on the walls or pipe framework. 
In case there are two or more banks of trans- 
formers, the introduction of additional oil 
switches and buses may be found necessary. 

If the entire output of the transformer 
station is required for a single service, such 
as an electric furnace, the secondary connec- 
tion from the transformers should be run direct- 
ly to the carbon holders of the furnace, as this 
method requires only the simplest arrange- 
ments in the way of supports, and for control, 

On the other hand, if power must be dis- 
tributed to a number of points, and if it is 
important that the chances of interruption 
be reduced to a minimum, a low tension bus 
should be conveniently located, from which 
power may be taken, through oil switches, to 
supply the various feeders. If feasible to do 
so, the wiring between the transformers, 
buses, oil switches, and the out-going feeders 
should be open, as it can be much more 
economically installed, and is less liable to 
give trouble than if carried a portion of the 
way through conduit. 

The method of leaving the building with 
the low voltage feeders will be largely de- 
pendent on the type of service, while light- 
ning protection must be provided to suit each 
individual case. If the voltage is fairly high, 
say 2,300 to 6,600, with the lines overhead and 
long distances to feed, arresters should be used ; 
while if the lines are in conduit, static dis- 
chargers should be installed. In either case, 
the protective devices should be mounted 
with good air spaces all around them, and 
should have knife switches for disconnecting 
them from the line. With lower voltages and 
short feed, the mounting of arresters is a 
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simple matter, and they can generally be well 
placed with switchboard apparatus. 

A few general principles may be added, 
which, if consistently followed, will largely 
aid in producing good results. 

Ist. So arrange your station as to get 
free operating space and maximum safety to 
operators, and progress always in one general 
direction from the point where power enters 
the station to where it leaves. 

2d. Every piece of apparatus should be 
easily accessible, and so placed that it can be 
removed without serious interference. from 


the other machinery and fixtures. The wiring 
should be done so that when one piece of 
apparatus is removed only those wires which 
are actually connected to it need be disturbed. 

3d. Piping for oil and water to trans- 
formers should be placed where it will be 
clear of apparatus, and so arranged that any 
transformer may be cut off and removed 
without interfering with the operation of 
the others. 

4th. Lastly, make all line entrances so 
that they are good mechanically, and safe 
electrically. 


THE TANTALUM LAMP 
By F. W. Wittcox 


The tantalum lamp was the first metal 
filament lamp to dispute the supremacy of 
the ordinary carbon lamp. With the excel- 
lent efficiency of 2 watts per candle, it is 
a material improvement over the ordinary 
carbon lamp, which requires 3.5 watts per 
candle for the same length of life as the tanta- 
lum, when the latter is operated on direct 
current. This gives a saving of power with 
the tantalum lamp of over 40 per cent. for the 
same illumination, or as the tantalum is not 
made in sizes less than 20 candle power, 
a saving of about 35 per cent. over the ordi- 
nary 16 candle power lamp of same life (S00 to 
1000 hours). This material gain in economy 
has given the lamp a good start in commercial 
lighting, and over 600,000 of them have been 
sold in this country. Thelamp would have had 
a wider use but for certain limiting conditions. 

In the first place, the tantalum lamp 
reached its development a little late, coming 
as it did at the time of the introduction of 
the GEM, or metallized filament lamp, which 
gave an efficiency of about 2.5 watts per 
candle at a cost of but 25 per cent. more than 
the ordinary carbon lamp, while the tantalum 
costs three times as much. 

Secondly, the reduced life of the tantalum 
lamp on alternating current (about half that 
on direct current at ordinary frequencies, 60 
cycles or less) practically limits it to direct 
current service, and this seriously restricts 
its field of application on central station lines 
where alternating current is used for the most 
part. Out of 4000 central stations in this 
country less than 300 have direct current 


service, and in number of lamps used, about 
40 to 50 per cent. only are on direct current 
circuits. 

Further, the relatively high cost of the tan- 
talum lamp makes it impossible for central 
stations to supply free renewals as is cus- 
tomary with carbon lamps. This naturally 
restricts its use among central station con- 
sumers, many of whom hesitate to adopt a 
lamp for which they have to pay when they 
can get free lamps, even though a clear 
saving of 20 to 30 per cent. in current, and 
an increase of 25 per cent. in illumination can 
be secured. This has necessitated a great 
deal of advertising and soliciting work to 
introduce the tantalum lamp. 

In spite of these limiting conditions, the 
tantalum lamp has been quite extensively 
employed in this country since its introduc- 
tion a year anda half ago. Most of the lamps 
have been of the 50 watt (25 candle power) 
and 40 watt (20 candle power) sizes. An 
80 watt size is also made, which is used as an 
incandescent unit with the No. 2 size holo- 
phanes. The 40 watt and SO watt lamps are 
supplied in the Meridian bulbs, also. The 
complete line is illustrated in Fig. 1. 

The lamp has been received best in central 
station service where the central station does 
not supply free renewals of carbon lamps, as 
customers of such stations, accustomed to 
buying their lamps, will more readily pur- 
chase and try the tantalum. There are, 
however, relatively few of the direct current 
central stations that charge for renewals of 
carbon lamps. 


332 GENERAL ELECTRIC REVIEW 


The early difficulties in the manufacture of 
tantalum lamps have now been entirely over- 
come, and the present lamps are giving ex- 
cellent life and very satisfactory service. 

The average life on direct current service 
runs well beyond the guaranteed figure of 
800 hours, with many lamps lasting for 1200 
hours and more. The life on alternating 
current service, as is well known, is below that 
on the direct current. The alternating cur- 
rent life varies with the frequency in about 
the following ratio: 


Frequency 


25 Cycles 
37 Cycles 
60 Cycles 
133 Cycles 


40-Watt Regular 8-Watt Regular 


80-Watt Meridian 


ordinary socket installations. It will there- 
fore probably share in the increased demand 
for high efficiency lamps created by the 
tungsten, and be used as a supplement to the 
latter in locations where it would not be 
desirable or practical to employ the tungsten. 

A large part of tantalum lamp installations 
has been made on isolated plants. Its most 
successful service has been given on such 
plants in relieving overloaded apparatus, and 
in giving additional illumination without any 
increase of plant. 


40-Watt Meridian 


Fig. 1. Tantalum Lamps. 2,'5 Actual Size 


The 40-watt tantalum lamp is naturally 
the most popular one, since it saves 10 
watts (1 ‘kw. hour for every 100 hours of 
service) over the ordinary 50-watt carbon 
lamp, and thus pays for its added cost in four 
to five hundred hours of service at ordinary 
rates. 

Considering its economy, brilhant quality 
of light, and present excellent life performance 
on direct current, the lamp should have a 
wider use, What effect the introduction of 
the tungsten lamp will have on the tantalum, 
only time can tell. Present appearances 
would indicate that it will help to extend the 
use of the tantalum lamp in the smaller sizes. 
The tantalum lamp will form‘a good adjunct 
to the tungsten, as it is more substan- 
tial, cheaper, and more adaptable to the 


The tantalum lamp is of particular value 
in train lighting service by reason of its high 
efficiency, and also because it is substantial 
enough to stand the vibration and rough 
service. It can be supplied in 10 candle power 
size, for 30 and 60 volts, in 2 4 in. round bulb, 
and makes a very attractive lamp. 

A successful example of the tantalum lamp 
in central station work is to be found at 
Muncie, Indiana, a city of 30,000 inhabitants. 
Provided with an abundant supply of 
natural gas, distributed by five or more 
Separate companies, and with a_ wide- 
spread use of individual gasoline plants, the 
electric company has found the use of tanta- 
lum lamps a great aid in increasing and hold- 
ing its customers, Over 10,000 50-watt, 25 
candle tantalum lamps have been put into 
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service out of a total amounting to the equiva- 
lent of 32,000 16 candle power lamps. Every 
one of these lamps was sold at 60 cents each, 
as compared to carbon lamps at 15 cents. 

About one half of the tantalum lamps 
installed are used on a flat rate basis under a 
two year contract. This rate of 60 cents per 
month for each 50 watts connected yields an 
annual income of $144.00 per kilowatt con- 
nected. The use of the tantalum lamp, in 
conjunction with an agressive campaign for 
business, has assisted to increase the con- 
nected incandescent lighting demand 23 per 
cent. for the past year, in face of most severe 
competition. 

In the lighting of office buildings in the 
larger cities, such as New York and Boston, 
the tantalum lamp has proven of marked 
value. Many such buildings have overloaded 
lighting plants, or need increased lighting 
capacity, but do not wish to make additions 
to their plants, as, aside from the expense 
involved, it is not possible or practicable in 
many cases to obtain the additional space 
required. 

urthermore, the modern office building 
and hotel must to-day provide a liberal and 
high grade illumination, and the tantalum 
lamp gives the distinctively brilliant and 
attractive quality of light required. 

The following large buildings have installed 
full equipments of tantalum lamps and are 
realizing benefits in reduction of load and 
greatly improved illumination. 

The Park Row Building, New York City, 
has 5000 40-watt, 20 candle tantalum lamps 
in use. In place of the former insufficient and 
indifferent lighting, the building tenants now 
enjoy ample illumination of brilliant quality, 
while the peak of the load has been reduced 
from 2000 amperes with carbon lamps to 
1200 amperes with tantalums. The average 
saving on the entire load with tantalum lamps 
is 13 per cent., with a gain of 20 per cent. in 
illumination. 

The Broadway and Maiden Lane Building, 
New York City, has 6000 40-watt, 20 candle 
tantalum lamps in service. By reason of 
other tall buildings which have recently been 
built around this structure, much natural 
light has been cut off. This has resulted in an 
increased demand for electric light, and the 
use of the tantalum lamp has saved the plant 
from an otherwise considerable overload. 

The Land Title & Trust Co. Building, of 
Philadelphia, will install over 10,000 40-watt 


tatalum lamps, saving thereby the expense 
and trouble of an additional generator. 

A most interesting case is the installation 
of 10,000 40-watt tantalums in the superb new 
building of the Metropolitan Life Insurance 
Co., Madison Square and 23d St., New York 
City. This building is of notable interest by 
reason of its magnificent and imposing tower, 
which rises well above that of any other 
building structure in the world, out-capping 
even the Singer tower in its sky line. The 
picture of this building and its massive tower 
gives an idea of the magnificence of the work 
as an architectural and engineering feat, and 
of the striking and artistic effect of the struc- 


Fig.2. Tantalum Lamp for Train Lighting. 10 ¢.p. 


ture as a feature of Greater New York. The 
building itself occupies an entire block, with 
a total floor area of 25 acres. The tower just 
now being completed is the final crowning of 
the edifice, giving the highest and most mas- 
sive structure of the kind in the world. Its 
location opposite the open square of Madison 
Square Park is a most fitting and fortunate 
one, as it enables the tower and building to 
be viewed in full prospective without the 
obstructing and dwarfing effects of closely 
adjacent buildings, as in the case of the Singer 
building tower. Says the Owners and 
Builders Magazine: 

“The plans for the building of this tower 
suggests the famous Campanile, which, for 
centuries, dominated the sky line of Venice; 
but two Campaniles might be placed one on 
top of the other, and they would not be as 
high as the Metropolitan Life tower. This 
same comparison may be made with the 
Madison Squaré Garden tower. The Metro- 
politan Life tower will overtop the Singer 
building in all of its measurements. The 
Singer tower is 674 feet in height, measuring 
from the basement to the top of the flagstaff; 
the Metropolitan tower will be 680 feet from 
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the cellar floor to the top. Measuring from 
the sidewalk, the new skyscraper on Madison 
Avenue will be 658 feet, while the Singer tower 
is but 612 feet to the roof of the topmost 
lantern, not including the flagstaff. The 
Singer tower has 47 stories; the Metropolitan 
structure will have 48 above the sidewalk. 
The highest lookout in the Singer tower 
accessible to the public will be the lantern 
balcony. People looking down from it on the 


Fig. 3, Metropolitan Life Insurance Building 


city will stand on a platform 589 feet above 
Broadway. The highest point for observa- 
tion in the Metropolitan tower will be the 
window over the lookout, which is 633 feet 
above the sidewalk, The difference of 44 
feet between the Singer and Metropolitan 
tower is about the height of the average four- 
story dwelling house. 

The Singer tower, which is 65 feet square 
and 47 stories high, weighs 18,365 tons. The 
gross weight of the Metropolitan tower will 
be 84,000,000 pounds, or 37,333 tons. It is, 
however, 10 feet wider than the Singer tower 
in one direction and 20 feet wider in the 


other. The difference in weight is also largely 
accounted for by the fact that the walls of the 
Metropolitan structure will be of marble from 
top to bottom. The Singer tower has corners 
of brick and terra cotta, and central panels of 
metal and glass, 

Engineers usually regard wind pressure of 
35 pounds to the square foot as ample for the 
big skyscrapers. But the conditions which 
surround the Metropolitan tower are unusual. 
Standing on a corner and facing Madison 
Square, with no neighboring towers to break 
the force of the wind, it is in a sense isolated, 
and must be self sustaining. The engineers, 
therefore, in their calculations, increased the 
allowance for wind pressure from 35 to 60 
pounds for the square foot. This will allow 
for a higher wind than has ever yet been ex- 
perienced in New York. 

The 1,400 windows which will pierce its 
walls would be sufficient for sixty dwellings 
of the average four story type. 

The building of the Metropolitan Life tower 
will require 8,135 tons of steel—enough for 
seven twelve-story skyscrapers, covering a 
site of the same size, 75 by 85 feet. The 
lower pillars are remarkable for their weight 
and dimensions. The corner columns, 38 
inches square, weight a trifle more than a ton 
for every square foot. 

In the building of this tower more than 
40,000 barrels of cement will be used. Much 
of it will go into the floors, which will be 
different from those of the ordinary skvy- 
scraper, the latter usually being of terra cotta 
blocks, held together with cement. Inall, 
9,000 cubic yards of concrete and fire-proof- 
ing will be required for the tower. 

At the twenty-fifth, twenty-sixth and 
twenty-seventh stories, or 334 feet above the 
sidewalk, there will be a great clock. which will 
prove a seven-days' wonder for New York 
and her visitors from foreign shores. This 
clock is indeed a marvel, in the way of size at 
least. Its face will be twenty-five feet in 
diameter, its hands twelve feet in length, and 
the figures marking the hours and minutes 
four feet long. It will be possible to tell the 
time by this monster clock miles in the dis- 
tance, and the height at which it is to be 
placed will enable it to show above the sur- 
rounding houses, so that it will be of service 
to persons living far away from its location. 
There will be four dials, one on each side of 
the tower, so that every point of the compass 
will be served by the big clock. 
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For the transportation of visitors to the 
several floors of the tower, six express eleva- 
tors will be installed. Five of these will 
terminate their trips at the forty-first story 
and the sixth at the forty-fourth story. The 
twelve lower stories will be served by the 
elevators in the adjoining section of the main 
building, the present elevator corridor giving 
direct access to the tower. All motive power, 
heat and light will be supplied by the plant 
now installed in the main building. 

The estimated cost of the erection of this 
marble tower is placed at about $3,000,000. 
The ground represents an investment of 
nearly $1,000,000. To this fully $2,000,000 
must be added as the cost of the tower itself. 
The steel in the structure alone will cost 
$250,000. 

The general dimensions of the great tower 
are shown in the following table: 


Frontage on Madison Ave. . 75 feet 
Frontage on Twenty-fourth St. . S85 “ 
Height above sidewalk .  .  . 666 “ 
Height from cellar floor to top 688“ 


Total height from foundation to 
grillage beams 698, * 
Height of clock face above sidewalk 346“ 

Height of loggia floor above side- 
walk. 3924 “ 

Top of loggia balustrade and off- 
set level above sidewalk. 

Floor of lookout (45th story) 
above sidewalk. 603 ** 

Center of window over lookout 
(highest point for observation) 
above sidewalk . : ; 633“ 

Tonnage of iron in tower, equal 
to the entire tonnage of metal 
in balance of building 

Number of stories above sidewalk 
in tower. 48 

Number of stories below ‘side- 
walk in tower 

Total number of stories in 
tower 50 

Number of cubical feet in tower 3,515,493 

Total net rental floor area, 
tower (exclusive of walls and 
corridors) 

Number of cubical feet in Metro- 
politan building (exclusive of 
tower and courts) ; 

Grand total of cubical feet in 
Metropolitan building 

Grand total floor area Metropol- 
itan building (about 15 acres) . 


to 


153,359 


12,771,541 
16,287,034 
1,085,663 


SOME FACTORS AFFECTING STATION 
CONNECTIONS AND SWITCH- 
ING ARRANGEMENTS 


By R. E. ARGERSINGER 


Power AND MINING DEPARTMENT, GENERAL 
Exvectric Co. 


In laying out an electrical plant, after 
determining the number and size of generating 
units, the general character of the service, 
and the number of out-going feeders, the 
next point to be considered is the general 
system of connections. 

Generating stations may be divided into 
two classes, the first class comprising those 
stations in which power is generated and dis- 
tributed at the same voltage. These stations 
are rarely operated at voltages higher than 
13,200, and may be sub-divided into two 
groups: 

(a) Where a small amount of power ts 
to be transmitted to a moderate distarce; and, 

(b) Where a large amount of power is to 
be distributed in the immediate vicinity of 
the station. 

The first group is of no particular interest, 
as far as station connections go, since stations 
in this group will usually include only one or 
two machines, with one, or possibly two 
transmission lines, Group (b), however, 
covers a large number of plants used for 
lighting and railway purposes, which usually 
contain a number of generators and a larger 
number of outgoing feeders. It is also im- 
portant in this class of service that the 
power supply be continuous under all sorts 
of conditions, and, consequently, elaborate 
switching arrangements are installed. 

Since it is the purpose of this article to 
discuss briefly only stations for general power 
service, We Wish to point out only one or two 
interesting features in connection with the 
general class under (b). 

In small plants, one main operating bus, 
on which all the machines are paralleled, and 
from which all the feeders are tapped off, is 
generally sufficient; but when the number of 
machines becomes large, and especially when 
a considerable number of feeders are required, 
it is necessary to install two buses, and 
in some cases even three or four. The Edison 
systems are good examples of this procedure. 
By means of these multiple buses it is possible 
to subdivide the service; operate different 
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feeders at different voltages; confine all opera- 
tions to one bus in case of trouble on the 
other;or toinspect or clean the bus or switches 
connected toit. In order to obtain the maxi- 
mum flexibility from a multiple bus arrange- 
ment, it is necessary to connect each unit, or 
each feeder to each bus, through an oil switch 
so that all switching can be done under load. 
In some cases, however, where the cost of this 
large number of oil switches is prohibitive, 
disconnecting knife switches may be used, 
which will serve to connect the generator or 
feeder to the bus after the current is cut off 
by means of a single oil switch. A second 
important point in connection with the feeder 
arrangement is the use of group switches; #. ¢., 
switches which are used as ties between the bus 
and a group of feeders, numbering perhaps 
four or six, or even more. Such a switch 
serves to conveniently operate a number of 
feeders which may supply an interconnected 
service, or to separate feeders subject tosimilar 
operating conditions; and also, in case of 
trouble in the station, it affords a means of 
more rapidly disconnecting the load than if 
each feeder switch had to be tripped in- 
dividually, In many cases, in stations of 
this character, a benchboard is of consider- 
able advantage over the vertical panel board. 
A benchboard allows the control to be con- 
fined within a small space by means of elec- 
trically operated switches, and consequently 
increases the convenience of operation. It 
may happen, however, that the number of 
instruments is very large compared with the 
number of switches, and consequently, that 
the panel board supporting the meters is 
much more extensive than the benchboard 
taking care of the control, with the result 
that when the operator stands at the bench 
he is too far from the meters on the circuits 
controlled to read them conveniently. In 
such a case a bench is of no advantage over 
the panel board. 

The second class of generating stations 
includes those in which the voltage is stepped 
up by means of transformers, and the station 
output distributed over a comparatively 
smiall number of lines. This class of stations 
covers practically all of the large power 
developments. The simplest arrangement 
of connections for such a plant can be used 
When the number of generators, transformers 
and outyomy lines are the same, This system 
is commonly, called a unit system. Under 
such conditions cach unit, consisting of its 


line, transformer and generator. will ordi- 
narily be operated independently. and a bus 
arrangement, sufficient only for transferring 
from one line to another, or from one trans- 
former to another in case of emergency. is 
all thatisnecessary. The most common modifi- 
cation of this system is found in the station 
where the number of transmission lines is less 
than the number of transformer banks. This 
arrangement necessitates the use of a high 
tension bus on which the transformers may be 
paralleled, and from which the outgoings line 
may be taken. If the number of transformer 
banks does not greatly exceed the number of 
lines, a single bus should be sufficient. al- 
though it will usually be found convenient 
to sectionalize this bus at such points as will 
serve to isolate certain portions of it for 
repairs or cleaning; or in order to isolate a 
line (which may~-have broken down elec- 
trically), with certain transformers and gen- 
erators, in order to test it before again placing 
it in service. 

If the number of lines is small compared 
with the number of transformers, a single 
high tension paralleling bus is insufficient, 
since the bus then becomes a very important 
operating feature. and it is hardly safe to 
trust to a single bus for the continuous opera- 
tion of the station. The most flexible arrange- 
ment is the duplicate bus, each bus being 
connected to the lines and to the transformer 
banks through oi] switches. The lines or 
transformers can then be connected to either 
bus without interrupting the flow of current. 
The expense of this arrangement may be 
reduced by placing an oil switch in the line 
and one in the transformer circuit, and con- 
necting them to either bus through an air 
break switch. This still allows any line or 
transformer to be connected to either bus, 
but the switching must be done at no load. 
A still cheaper arrangement consists of a 

“ring bus;"’ @#. e., a single paralleling bus 
sectionalized between each group made up of 
a line and the transformers directly feeding it, 
the two outer ends of the bus being connected 
together through an oil switch. This involves 
practically a second bus running across the 
station, but eliminates the cost of the addi- 
tional set of switches required by the ordinary 
duplicate bus. In some cases it may be 
feasible to make this ring connection outside 
the station. This bus arrangement allows 
any section to be cut out without interfering 
with parallel operation, and, by proper low 
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tension bus connections, the generators feed- 
ing the section cut out may usually be trans- 
ferred to other transformer banks, the over- 
load capacities of which should be sufficient 
to carry the entire station output until the 
high tension bus section can be again put into 
service. The ring bus, to be of any advan- 
tage, must be operated with at least three 
(preferably more) transmission lines in 
parallel. 

The arrangement of low tension buses will 
depend to a great extent on whether or not 
there is any low tension distribution. If 
considerable power is to be distributed in the 
vicinity of the station at the generated 
voltage, it will often be found advisable to use 
a double set of low tension buses so as to 
separate the local power from that to be dis- 
tributed at the high tension voltage. The 
generators on the buses should be separated 
accordingly, since the requirements of voltage 
control on low tension feeders often necessitate 
special regulation for the low tension dis- 
tributing bus, which regulation does not apply 
to the power transmitted at the high voltage. 

The double bus also allows the isolation of 
any generator and the low voltage side of 
any transformer bank for purposes of testing, 
as mentioned above, or the operation of any 
transformer bank with any generator. In 
order to accomplish the two latter results 
with only one bus, a transfer bus is often used. 
This consists of one bus connected through a 
switch to the line between the generator 
and transformers. By keeping at least one 
generator always connected to such a bus, 
it will also serve as a source of low volt- 
age power for station purposes. Where the 
number of generators and transformer banks 
is the same, the transfer bus allows more 
flexible operation than a single bus to which 
all generators and transformers are tied di- 
rectly in parallel. If the units are of large 
capacity it will usually be of advantage to 
make the connection to the transfer bus 
through an oil. switch, so that any switching 
which is necessary may be done under load; 
and further, by using an electrically operated 
switch it may be operated from the main 
control board. In the case of smaller stations, 
however, and where the service is such that 
the switch will have to be used only infre- 
quently, a knife switch will usually be satis- 
factory. This is advisable, especially where 
transferring is to be done for testing purposes 
only, or for similar purposes. 


Where the number of lines, transformers 
and generators are all different, it is necessary 
to have both high and low tension buses, and 
to operate the generators in parallel on the 
low tension bus and the transformers in 
parallel on the high tension bus. If any trans- 
ferring is to be done on the low tension side, 
a double bus is necessary. If it is expected 
to use the double bus only in cases of testing or 
emergency, it will usually be sufficient to 
install one oil switch in the generating circuit, 
with knife switches leading from it to each 
bus, a similar arrangement being used on the 
low tension side of the transformer bank. 
If, however, the double bus is expected to be 
used frequently, or if the units are large, or 
if there is considerable local service, it will be 
advisable to use oil switches for connecting 
the generator and transformer circuits to 
each bus, a disconnecting switch being used 
to isolate the generator and transformer from 
the bus tie line. 


Any double bus arrangement, for either 
high or low tension, is expensive, not only as 
regards the bus itself and the space taken 
by it, with the consequent increase in the size 
of the station, but also because of the large 
increase in the number of switches which it 
necessitates. Therefore, the actual need of 
a double bus should be carefully considered 
before it is installed. 


In considering the switching arrangements 
for any given station, the character of the 
automatic control is an important feature. 
While outgoing feeder switches are nearly al- 
ways automatic on overload, it is usually of ad- 
vantage to have a time element in connection 
with such automatic operation so that the 
line switches will not be tripped in case of a 
slight ground or similar momentary trouble. 
Consequently, the automatic switches on 
outgoing lines are usually equipped with time 
limit relays. The switches controlling the 
high and low tension sides of transformer 
banks should also be automatic in order to 
cut out a bank of transformers in case of 
internal troubles. Where transformers are 
paralleled on the high and low tension sides, 
if three or more banks are installed they may 
be isolated by the use of inverse time limit 
relays, since in case of trouble in one bank 
the current will be fed into the disabled trans- 
former from the two banks still in operation. 
As the current flowing through the relays on 
the bank in trouble will be twice that in the 
relays on the other banks (assuming three 
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transformer groups), the inverse feature of the 
relays will operate the switches on the bank 
in trouble before the switches on the remain- 
ing two banks open, so that the disabled bank 
will be cut out without shutting down the 
station. If only two transformer banks are 
in parallel, the inverse relay will not be effec- 
tive, since the current operating both relays 
will be the same. In such a case a differential 
reverse current relay must be employed, con- 
nected to current transformers on either side 
of the main transformer bank. This relay 
will not operate as long as the power is fed 
through the bank of transformers in its 
normal direction, but in case of trouble the 
current flow from one side of the transformer 
bank will be reversed, with a consequent 
operation of the relay and opening of the 
switches on both sides. As a rule, generator 
switches are non-automatic, in order to avoid 
their automatic opening in case of heavy 
overload, or line or transformer trouble. 
Such an opening would mean the necessity 
of synchronizing all the generators after any 
severe overload acondition of affairs which 
would be very inconvenient. The only ob- 
jection to this arrangement is, that in case of 
short circuit in the generator wiring, or in the 
low tension bus, there is no means of auto- 
matically cutting off the machines; but such 
trouble 1s so rare that the disadvantages of 
automatic switches more than outweigh the 
objections against the risk due to making 
these switches non-automatic. 

It should be borne in mind in laying out 
any system of station connections where high 
voltages are used, that metering should be 
confined to the low tenston circuit just as 
much as possible, Instrument transformers 
for high voltages occupy considerable space, 
and are verv expensive. Series relays have 
been developed so that automatic switch 
operation can be obtained without installing 
high voltaye current transformers, and series 
ammeters are also being used to some extent 
as current indicators, placed directly in the 
high voltage outgoing lines. Under such cir- 
cumstances, the necessity. for high voltage 
current and potential transformers should be 
very carefully weighed before an arrangement 
is made calling for their use. 


The above remarks apply, in a general way, 
to sub-stations as well as to main stations, 
especially in the case of large distributing 
sub-stations taking power from a long trans- 
mission line. In connection with smaller 
Stations, however, there are one or two 
points to which attention might be called. 
Where only one station is fed from one trans- 
mission line, specifications are sometimes 
drawn up calling for oil switches to control 
the incoming line. Usually there is an oil 
switch at the generating station end of the 
same line, with the result that two switches 
are unnecessarily in series. The sub-station 
line switch should, in such a case, be of the 
open air break type, allowing all automatic 
switching to be done on the main station switch. 

When small sub-stations are tapped off 
from transmission lines, the character of the 
incoming line switch should be given careful 
consideration. If, as is usually the case, 
there are a number of these small sub-stations 
feeding from the same line, it is not desirable 
to allow any trouble on one of the sub-station 
feeders to open the transmission line switch 
in the main station. To avoid this, the auto- 
matic switch on the sub-station incoming 
line must be of sufficient capacity to rupture 
the entire kilowatt capacity back of the 
transmission line. This may mean an oil- 
switch with a rupturing capacity of say 
20,000 kw.,in a sub-station of only 400 or 
500 kw. output. In such a case the use of 
high tension expulsion fuses is to be recom- 
mended, These fuses are considerably 
cheaper than the oil switch of corresponding 
rupturing capacity, and as they are only ex- 
pected to operate automatically under emer- 
gency conditions, they are very satisfactory. 
By properly protecting them they may be 
installed on the outside of the station, with a 
consequent saving in the sub-station area. 

In general, any system of connections 
should be decided upon only after a careful 
consideration of the service which the station 
is expected to supply, and of the arrangement 
of the generating units. As in all other 
engineering problems, the relative advan- 
tages of flexibility obtained from any arrange- 
ment must be balanced against the expenses 
involved in obtaining such advantages. 
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TURBINES AS DRIVERS FOR CENTRIFUGAL COMPRESSORS 


AND PUMPS 
By B. F. Bitstanp 


Power and Mining Department, General Electric Co. 


Centrifugal compressors and pumps are 
so called because the pressure which they 
impart to a gas or liquid is due to centrifugal 
force. On account of the relation existing 
between centrifugal force, speed, and the 
radius of the path of rotation, such com- 
pressors and pumps can be most economical- 
ly built with small diameters, for operation 


The turbines may be condensing or non- 
condensing, for high or low pressure, just as 
in the case of prime movers for electric 
generators; although the most simple and 
inexpensive, and consequently the most 
widely used machine for this work is 
the high pressure, non-condensing , tur- 
bine. 


Fig. 1. Curtis Turbine Driven Air Compressor 


at hivh angular velocities, Therefore, direct 
connected prime movers, when used for 
driving such machines, must be of extremely 
high speed. The steam turbine is especial- 
ly applicable to such work on account 
of the high speed at which it normally 
operates, and because of its compactness, and 
uniformity of rotation. 

The General Electric Co, has recently de- 
veloped a line of high speed steam driven 
compressor sets, and has also furnished 
several turbines for direct connection to 
centrifugal pumps, some of which will be 
described in the course of this article. 


There is, however, a large field for the 
application of low pressure turbines to the 
driving of compressors and pumps, as there 
are many plants operatingywith reciprocating 
engines where a compressor or pump driven 
by a low pressure turbine could be installed 
and operated with practically no expense 
except the initial cost, 

The turbines are of the horizontal Curtis 
type, which was described in the May 
Review by Mr. R. H. Rice; it is there- 
fore unnecessary to give a description 
of their construction or operation in this 
article, 
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The compressors are even simpler than 
the turbines, each unit consisting of only 
casing, impeller, bearings. and guide vanes. 
The air in entering is conducted to the center 
of the impeller, scooped up by the impeller 
blades, and thrown into either the guide vanes 


may be sacnficed by arranging the turbine 
with a simple throttle governor. 

The compressors which have been laid out 
and considered as standard, range in capacity 
from 750 to 10,000 cu, ft, of free air per min., 
with a normal pressure of 0.SS Ibs, to 2.7 Ibs. 
per sq, in,, and a max- 
imum pressure of 1,5 Ibs, 
to 4.2 Ibs. per sq. im. 
Compressors are being 
developed, however, which 
will deliver a pressure of 
30 Ibs. per sq, in, 

A typical turbine driven 
compressor 1s shown in 
Fig. 1. This compressor 
is rated at 7000 cu, ft. of 
free air per min,, com- 
pressed to a pressure of 
WSS Ibs, persq. in, It is 
driven by a 50 h.p., 3500 
T.p.m., non-condensing tur- 
bine. The duty of this 
compressor is to furnish 
air for making gas. 


Fig. 2. Turbine Driven Centrifugal Compressor and Motor Driven 


Blower in Gas Plant 


or outward channel of the compressor casing. 
Higher pressures than can be produced 
economically by one such unit or stage are ob- 
tained by operating several units in series, aS 
is done in the multi-stage centrifugal pump. 

Owing to the wide range of the turbine 
speed, anv reasonable variation in pressure 
can be obtained by an adjustment of the 
turbine governor, This is of great value in 
some installations. .A\s the turbines that are 
used for driving these compressors were 
originally designed for driving electric 
generators, they are arranged with a closely 
regulating governor, with the result that a 
very steady pressure is maintained by the 
ct TIE Tessor, 

While the turbines are capable of giving 
close regulation and steady pressure, they 
are of equal value for driving compressors 
operating on an intermittent service, as 
the rotating element may be brought up to 
speed as fast as the friction can be overcome 
and the necessary energy transmitted to the 
element. In the case where first cost is an 
important factor. regulation and economy 


Fig. 3. Centrifugal Compressor and 
Positive Pressure Blower 
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Fig. 2 shows the set as installed by the 
Mohawk Gas Company, at Schenectady, N. Y. 
The compressor is shown supported at three 
points by iron brackets resting on I beams, 
which have lately been grouted in. The set 
was started and operated forsome time, being 
supported wholly by the I beams with no 
grouting, and the operation was perfect. The 
users and operators are perfectly satisfied with 
the machine, and cannot speak too highly of it. 

The compressor is operated without an 
inlet pipe connection, and some _ noise 
is caused by the air rushing into the 
opening; this will be entirely eliminated, 
however, when the permanent intake pipe is 
installed, the mouth of which is to be located 
outside of the building. The bearings are 
supplied by forced lubrication, arranged in 
the same manner as for our small turbo- 
generating sets, the pump being located at the 
outer compressor bearing and driven by means 
of a worm gear on the shaft. 

A motor operated blower, driven by means 
of belts and shafting, is used as a spare unit, 
and is also shown in Fig. 2. It is needless to 


Fig. 4. Motor Driven Positive Pressure Blower 


compare the efficiency, compactness and 
neatness of the sets, 

Leaving the turbine driver for a minute, 
a typical installation and comparison of our 
centrifugal compressor and positive pressure 
blower (constant volume) ts shown in Fig. 3. 
These compressors are installed in the oil 
house at the Schenectady Works of the 
General Electric Company. The centrifugal 
compressor 1s rated normally at 1400 cu. ft. 
of free air per min., compressed to 1.7 Ibs. 
per sq. in, and is driven by a 20 h.p., 250 


volt, direct current motor of the turbo- 
generator type, the Set operating at 3450 
r.p.m. This set has been in operation some 
time, and has given entire satisfaction. The 
engineer who has these sets to look after, 
states that he can get a great deal more out of 
the centrifugal compressor, and that its 
pressure gauge, which consists of a column 
of mercury, is verv much steadier than that 
of the blower. Practically the only attention 
this machine requires in operation is an 
occasional adjustment of speed by means of 
the motor field to compensate for variations 
in the line voltage. 


Fig, 5. Turbine Driven Pump for New York City Fire Boat 


The positive pressure blower, which is of 
approximately the same capacity, is driven 
by a direct current motor by means of pulleys, 
belts and shafting, as shown. The blower 
requires a large receiver tank to equalize the 
pressure and relieve the mains of pulsations 
and shocks. The receiver tank is entirely 
unnecessary with the centrifugal compressor, 
as the latter gives a constant, continuous 
pressure. Also, the space occupied by the 
receiver tank alone is greater than that re- 
quired by the entire direct connected centrif- 
ugal compressor set. From the comparison 
and illustration, you can readily arrive at the 
relative costs of the two sets. 

The installation shown in Fig. 4 is a further 
illustration of a positive pressure blower. 
This machine is installed in the iron foundry 
at the Schenectady Works of the General 
Electric Company. It is a typical installation, 
consisting of a mass of belts and pulleys, and 
occupies a large amount of space. The capacity 
of this set is approximately the same as that 
of the turbine driven set shown in Fig. 1, 
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There is no comparison between these 
installations in first cost, efficiency, space 
occupied, satisfaction of operation, and ap- 
pearance. Another point where the com- 
pressor excels the old stvle blower is in its 
quietness of operation. While the centrifugal 
compressors make a slight noise, due to the 
impellers rotating at such high speeds, this 
is not of an objectionable nature, and is a 


small pumps for such speeds, That thereisa 
large field for such sets is shown by the abun- 
dance of inquiries for turbine driven pumps. 

The General Electric Co. has recently 
completed an important turbine pump instal- 
lation on two fire boats for New York City. 
Fig. 5 shows one of the turbine driven sets, 
two of which have been installed on each boat. 
The pumps are rated at 4500 gals. per min., 


Fig. 6. Trial of Turbine Driven Pump for New York City Fire Boat 


negligible quantity when compared to the 
noise of a positive pressure blower, occasioned 
principally by the belts, meshing of com- 
pressor parts, and driving gear. 

In addition to compressors, the steam tur- 
bine is well adapted to driving high speed 
centrifugal pumps, and has been successtully 
applied to this work in several instances. It 
is sometimes difficult, however, to obtain a 
pump which will operate at a speed sutficiently 
high for the turbine to make its most favor- 
able showing, since pump builders have not 
fully awakened to the advisability of building 


against a head of L450 Ibs. per sq.in. Theturbine 
is rated at GOO b-h_p., at 1SO00 r.p.m., operates 
condensing, and is of the four-stage type, 

An automatic controlling governor is not 
used with these turbines, but instead thev 
are arranged for hand control by means of 
five hand operated valves, each valve giving 
approximately one-fifth the maximum capac- 
ity of the turbine. The standard emergency 
governor and combined emergency throttle 
valve are employed, the emergency governor 
being adjusted to operate at 15 per cent, 
above normal rated speed, 
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These machines have met the guarantees 
made for them, and Mr. Croker. Chief of the New 
York Fire Department, has expressed himself 
as being very well pleased with them. 

The pumps were given a trial test after 
installation on the boats. They were operated 
in series, and under these conditions threw 
two three-inch streams, at three hundred 
pounds pressure, as shown by Fig. 6 and 
the illustration on page 208. 

These cuts are interesting from the point 
of genera! design of the fire boats, as well as 
from the fact that they show what actually 
takes place in case of a fire along the docks. 
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imum capacity ), 275 volt, direct current genera- 
tor of the turbo-generating type, and a 4500 
gal. per min., 150 Ib. pressure centrifugal 
pump. The turbine rotor and generator 
are mounted on a one piece shaft carried 
by two bearings. The pump is connected to 
the shaft and driven by means of a flexible 
weight carrying coupling, the pump bearing 
being located in the outer portion of the 
pump casing. 

Each of the machines composing the set is 
of practically standard design, but the arrange- 
ment of the combination, and the scheme of 
operation is entirely new. The operation is 


Fig. 7. Turbine Driven Generator and Pump for Chicago Fire Boats 


A general idea is given, of the appearance of 
the towers, and in Fig. 6 the water main 
heads are clearly shown, from which an idea 
may be had of the number and size of hose 
which can be attached to them. 

Another fire boat equipment is at present 
being completed for the Chicago fire boats. 
The general scheme and advantages of this 
installation were outlined by Mr. J. H. Clark 
in the August, 1907, Review, One of these 
sets is shown in Fig. 7. 

In general, each unit consists of a three-unit, 
three-bearing set, with a common bed plate. 
The driver is a two-stage, 660 h.p., 1700 r.p.m., 
condensing turbine of the overhung type, 
which is direct connected to a 200 kw. (max- 


described in Mr. Clark's article, as mentioned. 
Briefly it is as follows: The turbine drives 
both the generator and pump continuously, 
the former being used to gencrate power for 
the motors which drive the screws, and 
the latter supplying the water for fighting 
fires. The turbine is equipped with standard 
poppet valves, arranged for hand control by 
means of a cam shaft, rack and pinion. An 
emergency governor of the usual type is sup- 
plied. The bearings are supplied with oil 
under pressure, and are of the water-cooled 
type. Two of these sets are being tested 
at the Schenectady Works of the General 
Electric Co., and are giving satisfaction, both 
as to operation and etliciency. 
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LIGHTNING AND LIGHTNING PROTECTION 


By Cuarves P. STEINMETZ 


With the change in the character, the size, 
and the power of electric circuits, the problem 
of their protection against lightning has also 
changed, and has become far more serious 
and difficult. Forms of lightning have made 
their appearance which did not exist in the 
small electric circuits of early days, and 
protection is required not only against the 
damage threatened by atmospheric light- 
ning, but also against lightning originating 
in the circuits, and called “internal light- 
ning,’’ which is frequently far more dangerous 
than the disturbances caused by thunder 
storms. 

The principal difference between lightning, 
in its broadest sense, and the normal flow of 
power in an electric circuit is, that lightning 
is the phenomenon of electric power when 
beyond control. It is therefore the same 
difference that exists between a useful fire 
and a conflagration; and just as we would 
hardly call a small bonfire a conflagration, 
so also we do not call electric power which is 
beyond control, lightning unless it is of de- 
structive value. 

Electric power, when getting beyond con- 
trol, may mean excessive currents or excessive 
voltages. Excessive currents are rarely of 
serious moment, since the damage done by 
them is mainly due to heating, and even very 
excessive currents require an appreciable 
time before producing dangerous tempera- 
tures. Usually, circuit breakers, automatic 
cut-outs etc., can take care of heavv currents, 
the only damage done by such currents being 
when they occur at the moment of opening 
or closing a switch by burning the contacts, 
or where the mechanical forces exerted by 
them are dangerously large, as with the short 
circuit currents of the huge modern turbo- 
generators. 

Excessive voltages, however, are prac- 
tically instantaneous in their action, and the 
problem of lightning protection is essentially 
that of protecting against these excessive 
voltages, or electric pressures. 

The performance of the lightning arrester 
on an electric circuit is therefore analogous 
to that of the safety valve on the steam 
boiler; that is, the function of both is to pro- 
tect against dangerous pressures—steam pres- 
sure or electric pressure—by opening a dis- 
charge path as soon as the pressure ap- 


proaches the danger limit. Absolute relia- 
bility in the operation of the device is there- 
fore required, with a discharge producing as 
little shock as possible, and over a path amply 
large to carry off practically unlimited power 
without dangerous pressure rise. 

Dangerously high pressures may enter the 
electric circuit from the outside, due to 
atmospheric disturbances such as lightning, 
or they may originate in the circuit. 

Excessive pressures in electric circuits may be 
single peaks of pressure, or strokes, discharges, 
or multiple strokes, meaning by the latter 
several strokes following each other in rapid 
succession, with intervals between strokes 
varying from a small fraction of a second to a 
few seconds; or such excessive pressures may 
be practically continuous, that is, with strokes 
following each other in rapid succession, 
thousands per second, continuing sometimes 
for hours. 

Atmospheric disturbances, such as cloud 
lightning, usually give single strokes, but 
quite frequently multiple strokes. As 
shown by the oscillograms of lightning 
discharges from transmission lines which 
were secured by Prof. Creighton last year, 
multiple lightning strokes are very common; 
therefore, to properly protect the system, a 
lightning arrester must be operative again 
immediately after the discharge, since very 
often a second and a third discharge follow 
within a second of time, or less. Conse- 
quently, a lightning arrester which depends 
on the operation of mechanical parts to reset 
itself after a discharge, fails to protect against 
a multiple stroke. 

Continuous discharges, or recurrent surges; 
1. e., lightning lasting continuously for long 
periods of time, with thousands of high volt- 
age peaks per second, mainly originate in 
the circuits due to an arcing ground, spark 
discharges over broken insulators, faults in 
cables, etc., and are a phenomenon which has 
made its appearance only with the develop- 
ment of the modern high power high voltage 
electric systems, becoming of increasing sever- 
ity and danger with the increase of size and 
power of electric systems. 

Single strokes and multiple strokes, or in 
other words, all disturbances due to atmos- 
pheric electricity, such as cloud lightning, are 
safely taken care of by the modern multi-gap 
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lightning arrester. As this arrester has been 
described repeatedly, it needs no description 
here beyond the statement that it comprises a 
large number of spark gaps connected be- 
tween line and ground, and shunted by re- 
sistances of different sizes in such manner 
that a high pressure discharge of very low 
quantity, such as the gradual accumulation 
of a static charge on the system, discharges 
over a path of very high resistance, and is 
inappreciable, and frequently invisible. A 
disturbance of somewhat higher power finds 
a discharge path of moderate resistance, and 
so discharges with moderate current, without 
shock on the system; while a high power dis- 
turbance finds a discharge path over a low 
resistance, and, if of very great power, over a 
path of zero resistance. That is, the resist- 
ance of the discharge path with the present 
multi-gap lightning arrester is approximately 
inversely proportional to the volume of the 
discharge. This is an essential and important 
feature. Occasionally, discharges occur of such 
large volume as to require a discharge path of 
zero resistance, as any resistance at all would 
not allow a sufficient discharge to keep the 
voltage within safe limits. At the same time, 
the discharge should not occur over a path 
without resistance, or of very low resistance, 
except when necessary, since the momentary 
short circuit (short circuit for a part of the 
half wave) of a resistanceless discharge is a 
severe shock on the system, which must be 
avoided whenever possible. 

This type of lightning arrester takes care 
of single discharges and of multiple discharges, 
with the minimum possible shock on the 
svstem, no matter how frequently they occur 
or how rapidly they follow each other. It 
cannot, however, take care of continuous 
lightning; #. e., those disturbances, mainly 
originating in the system, where the voltage 
remains excessive continuously (or rather 
rises thousands of times per second to exces- 
sive values), and for long periods of time. 
With such a recurring surge, the multi-gap 
arrester would discharge continuously in 
protecting the system, until it was destroved 
by the excessive power of the continuously 
succeeding discharges. 

Where such continuous lightning may 
occur frequently, as in large high power sys- 
tems, and where the system requires protec- 
tion against them, a type of lightning arrester 
is necessary which can discharge continuously 
without self-destruction, at least for a con- 
siderable time. The only lightning arrester 


which is capable of doing this is the elec- 
trolytic, or aluminum arrester, In its usual 
form (cone type) it comprises a series of cone 
shaped aluminum cells, connected between 
line and ground through a spark gap. As 
soon as the voltage of the system rises above 
normal to the value for which the spark gap 
is set, discharges take place through the alu- 
minum cells over a path of practically no re- 
sistance. However, the volume of the discharge 
which passes is not produced by the normal 
voltage on the system, but is merely due 
to the voltage over the normal, since the 
normal voltage is held back by the counter 
e.m.f. of the aluminum cells. Asa result, with 
thousands of strokes per second following 
each other, or in other words, with a recurrent 
surge, the aluminum arrester discharges con- 
tinuously. As it can stand the continuous dis- 
charge for half an hour or more without 
damage, it protects the circuit against con- 
tinuous lightning for a sufficiently long time 
for the cause of the high voltage to be found 
and eliminated. 

Even the cone type of aluminum arrester 
discharges with a slight shock on the system, 
since the voltage must rise to the value of the 
spark gap before the discharge begins; there- 
fore, in systems where even a small voltage 
shock is objectionable, as in large under- 
ground cable systems, and also in cases where 
it is necessary to take care of recurrent surges 
for an indefinite time, the no-gap aluminum 
arrester becomes necessary. In_ principle. 
this type is the same as the cone type, but 
the aluminum cells are connected between 
the conductors and the ground without any 
spark gap, and are continuously in circuit, 
taking a small current. For this reason the 
cells are made larger and of different con- 
struction, so as to radiate the heat from the 
current, which, while small, would still give 
a harmful temperature rise if allowed to 
accumulate. Being continuously in circuit, 
a no-gap aluminum arrester allows no sudden 
voltage rise whatever. Its action is similar 
to that of a fly wheel on an engine—while it 
allows gradual changes of voltage. any sudden 
change of voltage is anticipated and cut off, 
just as any sudden change of speed in an 
engine is checked by the flv wheel. The 
no-gap aluminum cell, therefore. can hardly 
be called a lightning arrester, but rather 
fulfills the duty of a shock absorber, or of an 
electrical fly wheel, on the voltage of the 
system, and as such finds its proper place on 
the busbars of the station or substation. 
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CARE AND INSPECTION OF LIGHTNING ARRESTERS 
By V. E. Goopwin 


PowER AND MiniInNG DEPARTMENT, GENERAL ELectric COMPANY 


The fact that no piece of apparatus in an 
electrical transmission system has a more 
difficult function to perform than the light- 
ning arrester equipment, is very often over- 
looked by operating and designing engineers. 
Lightning arresters are frequently placed in 
the most inaccessible places, and as a rule are 
never inspected or adjusted after their in- 
stallation. These arresters operate satis- 
factorily for a few months or a year, and then 
perhaps suddenly fail to extinguish the 
dynamic arc, andshut down the system. These 
failures at present represent only a small 
per cent. of the total number of arresters which 
the General Electric Co. has installed, but I 
believe they could be reduced to an inappre- 
ciable number if proper care and inspection 
were given the arresters, provided, of course, 
that proper arresters have been installed to 
meet the requirements of continuous lightning. 

A few operating companies have realized 
the importance of proper inspection of 
arresters, and have a specialist on protective 
apparatus whose duty it is to examine the 
lightning arrester equipments systematically, 
and to report the results of each storm or light- 
ning disturbance on their system. 

To be complete, this report should contain 
at least the following items regarding each 
storm: 

1. Date of each disturbance. 

2. Cause and location of the trouble. 

3. Interruptions to service, time and 
location. 

4. Damage to apparatus, giving location 
and name of apparatus damaged. 

5. Action of the arrester. (See note below) 

6. Estimated protection afforded. 

7. Condition of telephone service. 

8. General comments. 

In making reports special attention should 
begiven to the nature of the lightning, as de- 
scribed elsewhere in this issue by Dr. Stein- 
metz. In every case it is important to deter- 
mine if any accidental grounds occurred on 
the system, and when possible, if the princi- 
pal disturbance was a primary or second- 
ary effect of lightning. 

Once each year a general report should be 
made out containing a summary of the 
reports on individual storms. This annual 


report should be carefully compared with 
those of previous years, noting especially any 
increase in the size of the system, and the 
character of the new apparatus; also, a com- 
parison of the interruptions and damages to 
apparatus, and of changes, if any, in the 
lightning protective devices. 

The action of the arrester should be intelli- 
gently and carefully studied. This can best 
be done by means of tell-tale papers placed 
in various sections of the arrester. For this 
purpose a specially treated fireproof paper 
should be used. These papers allow punctures 
of various sizes, depending upon the amount 
of discharge, but will not take fire and burn 
up as is often the case with the ordinary test 
papers. 

It is of the utmost importance that arres- 
ters of any type be examined systematically 
every day, and also after every electrical 
storm or discharge. The punctured test 
papers should be collected at the same time 
and carefully filed. It should also be seen 
that there are no loose connections, and that 
the gaps are in proper condition. Since the 
knurled points along the gaps burn away with 
a number of discharges, the cylinders should 
be occasionally turned on their spindles so as 
to present new surfacesfor discharge. Arres- 
ters should be kept free from dust, which may 
accumulate in the gaps or on any of the 
working parts. If a compressed air jet is not 
available, a pair of hand bellows will be found 
convenient for this purpose. 

All repairs on arresters should be made 
promptly, and no arrester should ever be re- 
connected to the line in a damaged condition. 
Direct current railway arresters are proba- 
bly given less attention than even the high 
voltage types. The type of apparatus used 
for this service has a very much lower punc- 
ture value than that used for high voltage 
service, and it is therefore imperative that 
these protective devices be more properly 
adjusted and inspected. 

One of the great advantages of the alum- 
inum cell arrester lies in the fact that it is 
tested daily. This operation not only keeps 
the films in perfect condition, but gives the 
attendant an accurate indication of the 
operating condition of the arrester. 
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“NAVIGATING THE AIR” 


The Schenectady Section of the American 
Institute of Electrical Engineers gave a new 
distinction to its winter series of lectures on 
the night of March 19th, The subject selected, 
“‘ Navigating the Air,"’ was ably treated by Mr. 
Augustus Post, the well-known aeronaut, 
who was aide to Alan R. Hawley, pilot of the 
“St. Louis” in the Gordon-Bennett race at 
St. Louis. It will be remembered that this 
balloon remained in the air over thirty-six 
hours, and traveled seven hundred and 
eighteen miles. Mr. Post divided his lecture 
into three heads: History of aeronautics, 
balloons, and aeroplanes. In a brief review 
of the historical side of ballooning, Mr, Post 
referred to the important work done by the 
balloon at the siege of Paris. Here it was the 
only medium of communication between the 
besieged and the outside world, the railroad 
stations being turned into balloon factories. 
Sixty-two ascensions were made, and two 
and a half tons of letters were carried. In 
describing ‘‘What we do ina balloon,’ Mr. 
Post said: ‘The matters of food and clothing 
became of the utmost importance. We had 
condensed meat tablets, chocolate and soups 
in tins, with lime packed around them so that 
when you put water on the lime it slaked and 
heated the inner can to the point of boiling. 
We had to keep a very careful lookout as to 
where we were going. One problem ever 
present was that of crossing the Great Lakes. 
With a steady wind that might easily be done, 
but if they loomed up when your ballast was 
nearly exhausted, and in almost calm weather, 
the drifting slowly over the water would be 
beset with difficulties and unpleasant risks. 
Then again one had to be ready for all sorts 
of changes in temperature. Thermos, bottles, 
blankets, tin pails,and water proof bags to 
pack things in were a part of the equipment. 
There was precious little sleeping done, as 
observations of various kinds had to be taken 
every few minutes. As a matter of fact, we 
did not get any sleep from half-past six 
Monday morning until ten o'clock Wednesday 
night. We had an omen of good luck in 
starting, for a dove alighted on the top of the 
balloon and sailed away with us for quite a 


distance. We had supper about midnight. 
This consisted of hot soup, sandwiches, and 
hot coffee, eaten with an appetite that was 
nothing short of superb. Then, wrapped up 
on our blankets, we were at peace with all the 
world, and the balloon rode on. No one can 
quite realize the beauty of a night passed 
under the great starlit heavens, with the 
brilliant moonlight making everything as 
bright as a silver day. As you sail suspended 
between earth and sky, it seems as if you were 
in a world of your own; you are far away 
from the madding crowd and everything is 
still.” 

Many of the incidents of the famous Pitts- 
field ballon ascension, the first ascension of 
Aero Club members in this country, and those 
of the more recent St. Louis race, were shown 
in a series of moving pictures. As in these 
pictures the various balloons were seen to 
rise and pass quickly out of sight in the dis- 
tance, one could readily understand, as Mr. 
Post put it, that ‘ballooning made the 
United States look like a ten-acre lot.” Mr. 
Post then discussed the construction and 
operation of aeroplanes, or machines heavier 
than air, and his description of the work of 
Ludlow, Archdeacon, and Farman was fol- 
lowed by moving pictures of these remarkable 
aerial vehicles in rapid flight. 

The instruments used in taking observations 
in air travel, loaned for the occasion by Mr. 
Albert C. Triaca, Director of the International 
School of Aeronautics, New York, were ex- 
hibited, and a collection of photographs of 
important events in Aeronautics was on view, 

In speaking of the part which electricity is 
destined to plav in aeronautics, Mr. Post 
said that even now, without the use of the 
electric lamp, and the electric spark for 
ignition in the motors, flight would be im- 
possible. Indications are already presenting 
themselves that electricity will be resorted to 
for the final solution of the problem of the 
perfectly efficient airship. It may be specially 
utilized in controlling the various rudders, 
in equilibriating devices, etc. The trans- 
mission of power by wireless may materially 
simplify the problem. 
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NOTES 


The annual report of the General Electric Com- 
pany for the fiscal year ending January 31, was 
issued on May Sth. The gross turn over, nearly 

71,000,000, ts the largest in the histery of the 
Company, and the profit, $6,048,682. while rela- 
tively small, is very encouraging considering the 
peculiar conditions existing in 1907, viz.: the high 
cost and inefficient quality of labor, due to the un- 
precedented demand for workmen: the great re- 
duction in the value of raw materials on hand, due 
to financial depression. and necessitating a cut of 
about $2,000,000 in inventory value; the necessity 
for a large appropmation to cover possible bad debts 
and for carrying accounts due from customers 
caught in the depression and temporarnly unable to 
meet their obligations; and the writing off of nearly 
$4,000,000 out of the vear’s expenditure of about 
$6,000,000 for plants, equipment, ete 

The report shows that out of about $35,000,000, 
the original value of and expenditures for plants and 
equipment im the last fifteen years, $23,000,000 
has hice written off. leaving a book value of but 
313.000.0000, With further writing off unnecessary, 
and a cash balance of $12,250,000, and surplus 
profits of $16,500,000. there should be no doubt as 
as to the payment of dividends 

During the past vear $13,000,000 was added to 
the working capital hy the issue of stock and bonds. 

In August the Company was entirely freed from 
floating debt, and had large bank balances with 
which to successfully mect the panic when money 
was unprocurable. 

Other items of interest are: the taking over 
of the Stanley G.I. Mfg. Co., of Pittsfield; the 
eel eg of 700 acres of land near Erie, Pa., for the 
ocation of another plant; the acquisition and de- 
velopment of a copper mining property, railroad, 
and smelter tn California. 

> * * 


Mr. Bernard E. Sunny, who for vears has been prom- 
inently connected with the exploitation and devel- 
opment of the clectrical industry in the Middle West, 
has resigned as Vice-President and Western Manager 
of the General Electric Co., to accept an_appoint- 
ment as Vice-President of the American Telephone 
and Telegraph Co., with headquarters in Chicago. 
He has, however, been lected a Director of the 
General Electric Co., and therefore his relations 
with the Company will not be wholly severed. 

For ten years prior to IS8S8, Mr. Sunny was 
Superintendent of the Chicago Telephone Co., and 
is therefore thoroughly familiar with the many 
details of telephone work. 

Entering the services of the Thomson-Houston 
Co. in the above year, he remained with that com- 
vany until i owas consolidated with the General 
Slectric Co. in EX@2, since which time he has been 
intimately associated with the mterests of the latter 
concern 

He is a man of strong personality and purpose, 
possessing a large number of friends, a rare judg- 
ment in bustness matters, and a marked ability for 
successfully accomplishing large undertakings. 

Mr. J. W. Johnson was appointed Manager of 
the Chicago office of the General Electric Co. on 
May tst. He has heen Assistant Manager of the 
office for several years. and is well qualified by 
ability and experience to assume his new respon- 


sibilities. He is succeeded as Assistant Manager by 
Mr. F. N. Boyer. 
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Mr. John R. McKee, formerly General Manager 
of the Power & Mining Department of the General 
Electnc Company, has been appointed Chairman 
of the Sales Committee. Mr. A. R. Bush has been 
appointed Manager of the Power & Mining Depart- 
ment. 


* * * 


Mr. A. J. Lighthipe, who has been engineer of the 
San Francisco Office of the General Electric Co., 
since I891, has accepted a position with the Los 
Angeles Edison Electric Co. 

Mr. Lighthipe has been identified with electrical 
industries since IS79 at which time he entered 
Mr. Edison's Laboratory after completing his studies 
at Stevens Institute of Technology, Later in the 
same year he was sent to London with the loud 
speaking chalk telephone, and since that time has 
been associated with the following interests: 

International Bell Telephone Co.. Antwerp & 
Verviers, ISSO-S1; the French Edison Co., 1882, 
the German Edison Co., 1883; the Brush Electric 
Co., New York, 1884; Manufacturing at Philadelphia. 
ISS5-86; Electrican, Wilmington City Electric 
Co,, ISS6-89; Supt. of Construction, United Edison 
Mfg. Co., San Francisco, 1890; District Engineer, 
Edison General Electric Co., San Francisco, 
1890-91; Engineer of San Francisco, Office of 
General Electric Co., 1900. 


* * * 


Mr. Thomas Vincent Bolan of the Philadelphia 
Office of the General Electric Co,, died at his home 
in Philadelphia on February 18th. 

Mr. Bolan was born in London, England. on 
October 31, 1865. He was a graduate of George- 
town College and of the Massachusetts Institute of 
Technology, where he pursued a course in Electrical 
Engineering. 

After graduation, he entered the employ of the 
General Electric Company, one of his carly works 
being the installation of the Providence, R. I. 
trolley system. 

Later, he specialized in cotton mill work and had 
charge of several important cotton mill installations 
in the South. He rose rapidly in his profession and 
at his death was regarded as one of the best engineers 
in his line 

For the past ten vears he has been in charge of 
mill power work at the Company's Philadelphia 
Office. He was an associate member of the Amerncan 
Institute of Electrical Engineers. 


* * * 


Mr. Conway Robinson, with the A.C. Engineering 
Department of the General Eleetne Co., was married 
on April 2Ist.. to Miss Jane Stockton Dorsey. of 
Baltimore, Md 

Mr. Robinson has been appointed Manager of the 
Works of the Tokio Electric Co., Tokio, Japan. 


* * * 

Mr. Eugen Eichel, formerly connected with the 
Engineering Department of the General Eleetne 
Company, has opened an office in Berlin as consult- 
ing engmeecr 
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AVERAGE CONDITION OF 
SOFT PINION IN SERVICE 


Consider the inefficiency of gears 
operating under these conditions — 
the abnormal demand on the power 
station — the racking wear on motors 
and trucks—the noise and annoy- 
ance to passengers — all due to the loss 


of original accuracy of tooth dimension 


The vital factor 
of gear economy is the maintenance 
The ordi- 


nary soft pinion wears out in about 


of correct outline of teeth. 


the proportion of three pinions to 
one gear. The correct outline of tooth 


is best maintained by the new 


General Electric 


Grade F Pinion 


Railway Motor 


Gear Economies 


Why use a worn pin- 
ion with a new gear 
when the new GE long 
life °*Grade F”’ Pinion 
will last substantially 
as long as a cast steel 
gear? 


CORRECT CONDITION BEST / 
MAINTAINED BY GRADE F 
PINION 7) 
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Special 


Notice to 


Lamp Purchasers 


The increased demand for Edison Lamps 
during the past year taxed to the utmost the 
facilities of the General Electric Company. 


Although the Company produced over 
35,000,000 lamps some customers were dis- 
appointed in not obtaining all the Edison 
Lamps they desired and had to use other kinds. 


The Company has worked day and night 
to correct this condition. Extensive addi- 
tions to its manufacturing facilities have now 
placed it in a position to promptly supply all 
customers’ demands. Edison Lamps are 
obtainable as promptly as any customer may 
require. 


Annual Productive Capacity 
Fifty to Sixty Million Lamps 


Twelve Million Lamps in Stock 


Carbon 
GEM 
Tantalum 
Tungsten 


All Types of 


Lamps 


Harrison, N. J. 
Newark, N. J. 
Lynn, Mass. 

East Boston, Mass. 
Fort Wayne, Ind. 
Toledo, Ohio 


Factories at 


Main Lamp Sales Office: 


Harrison, N. J. 
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